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Wklv sdshu ghyhorsv d g|qdplf prgho wr dffrxqw iru wkh hqkdqfhg lqfhqwlyh
h￿hfwv wkdw uhvxow iurp pdunhw uhirup lq wkh irup ri d pryh wrzdug sulydwh surs0
huw| uljkwv dqg frpshwlwlyh pdunhwv1 Wkh surfhvv ri uhirup lv fdswxuhg wkurxjk
dq hphujlqj sur￿wv ixqfwlrq zklfk ghshqgv rq h￿hfwlyh sulfhv dqg lqfhqwlyhv
wr zrun kdughu1 Vwdwlf dqg g|qdplf rxwsxw jdlqv iurp uhirup duh dovr ghulyhg
wkurxjk lqfuhdvhv lq wrwdo idfwru surgxfwlylw| dqg lqgxfhg fdslwdo dffxpxodwlrq1
Wkh uhodwlyh vxffhvv ri dq| pdunhw uhirup lv vhhq wr ghshqg rq wkh ghjuhh wr
zklfk surgxfhuv duh zloolqj wr zrun kdughu/ jlyhq hqkdqfhg lqfhqwlyhv/ dqg wkhlu
zloolqjqhvv wr srvwsrqh frqvxpswlrq lq uhvsrqvh wr kljkhu udwhv ri uhwxuq1 Wkh
prgho lv dssolhg wr wkh fdvh ri ulfh surgxfwlrq lq Ylhwqdp ryhu wkh shulrg 4<:9￿
4<<71 Wkh uhvxowv vkrz wkdw wkh pruh h{whqvlyh wkh ghjuhh ri pdunhw uhirup wkh
odujhu wkh h￿hfwv rq ulfh rxwsxw/ wkh fdslwdo vwrfn dqg wudqvlwlrqdo jurzwk udwhv/
vxjjhvwlqj wkdw lqfhqwlyhv dqg frpshwlwlyh pdunhwv pdwwhu juhdwo|1
Dfnqrzohgjphqwv= Wkdqnv wr Mxoldq Dovwrq/ Jhrujh Idqh/ Zduzlfn Pf0
Nleelq/ Vxlzdk Ohxqj/ Shwhu Zduu dqg vhplqdu sduwlflsdqwv lq wkh Ghsduwphqw
ri Hfrqrplfv dw Ghdnlq Xqlyhuvlw|/ Od Wureh Xqlyhuvlw|/ wkh Xqlyhuvlw| ri Pho0
erxuqh dqg wkh Uhvhdufk Vfkrro ri Sdfl￿f dqg Dvldq Vwxglhv dw wkh Dxvwudoldq
Qdwlrqdo Xqlyhuvlw| iru yhu| khosixo frpphqwv1
MHO Fodvvl￿fdwlrq= R73/ R43/ T43/ S53
Nh|zrugv= lqfhqwlyhv/ pdunhw uhirup/ hphujlqj sur￿wv41 Lqwurgxfwlrq
Lq wkh sdvw wzr ghfdghv/ d qxpehu ri wudqvlwlrqdo hfrqrplhv kdyh h{shulhqfhg lp0
suhvvlyh lqfuhdvhv lq rxwsxw wkurxjk wkh surfhvv ri wudgh olehudol}dwlrq1 Wklv sdshu
ghyhorsv d g|qdplf prgho wkdw dujxhv wkdw wkh hqkdqfhg lqfhqwlyh h￿hfwv wkdw uhvxow
iurp lqvwlwxwlrqdo fkdqjh dqg pdunhw uhirup/ lq wkh irup ri d pryh wrzdug sulydwh
surshuw| uljkwv dqg frpshwlwlyh pdunhwv/ odujho| dffrxqw iru wkhvh lpsuhvvlyh jdlqv1
Wkh prgho lv wkhq dssolhg wr wkh fdvh ri ulfh surgxfwlrq lq Ylhwqdp dv d vwulnlqj
h{dpsoh ri wkh h￿hfwv ri pdunhw uhirup1 Lq d idluo| vkruw shulrg ri wlph/ Ylhwqdp
kdv jrqh iurp ehlqj d odujh lpsruwhu ri ulfh dqg rwkhu irrgvwx￿v/ dw qhdu vxevlvwhqfh
ohyhov ri frqvxpswlrq/ wr qrz wkh vhfrqg odujhvw h{sruwhu ri ulfh lq wkh zruog/ doo zlwk
yluwxdoo| qr glvfhuqleoh whfkqrorjlfdo fkdqjh wkurxjkrxw wkh uhirup surfhvv1
Wkh prgho kdv vhyhudo lpsruwdqw ihdwxuhv1 Wr fdswxuh wkh h￿hfw ri hqkdqfhg lqfhq0
wlyhv wkurxjk wlph/ dqg iroorzlqj wkh vwdwlf uhsuhvhqwdwlrqv frqwdlqhg lq PdfPloodq/
Zkdooh| dqg ]kx +4<;<, dqg Fkh dqg Yrxvghq +4<<;,/ dq h￿ruw yduldeoh lv lqwurgxfhg
dqg dq dvvrfldwhg phdvxuh ri wkh h￿hfwlyh frqwulexwlrq ri oderxu wr rxwsxw lq whupv ri
h!flhqf| xqlwv lv gh￿qhg1 Wkh h￿ruw yduldeoh lv eurdgo| lqwhusuhwhg wr lqfoxgh hyhu|0
wklqj wkdw ghwhuplqhv wkh txdolw| ri wkh iduphu*v oderxu dv zhoo dv wkh zloolqjqhvv
wr olwhudoo| h{huw pruh h￿ruw gxh wr wkh hqkdqfhg lqfhqwlyhv wkdw dffrpsdq| pdunhw
uhirup1 Lq vlpsoh whupv/ wkh dujxphqw lv wkdw wudgh olehudol}dwlrq uhvxowv lq lqfhqwlyhv
wr zrun kdughu dqg wr zrun pruh h!flhqwo|1
Wkh surfhvv ri pdunhw uhirup lwvhoi lv fdswxuhg wkurxjk wkh h￿hfwv ri fkdqjhv lq
srolf| dqg pdunhw sdudphwhuv rq dyhudjh shu xqlw sur￿wv +￿,1 Wkhuh duh wzr wklqjv wr
frqvlghu khuh1 Iluvw/ lq wudqvlwlrqdo hfrqrplhv wkh vkduh ri rxwsxw wkdw dffuxhv wr wkh
vwdwh dxwkrulw| ydulhv xqghu gl￿huhqw lqvwlwxwlrqdo vhwwlqjv/ iurp frppxqdo v|vwhpv
wr vkduh0frqwudfwlqj vfkhphv dqg ￿qdoo| wr sulydwh frpshwlwlyh pdunhwv zlwk wd{hv rq
uhwdlqhg hduqlqjv1 Sulfhv uhfhlyhg e| iduphuv iru wkhlu surgxfw dovr ydu| frqvlghudeo|
dfurvv wkhvh uhjlphv1 Wr fdswxuh vxfk fkdqjhv/ wklv sdshu hvwlpdwhv dq h￿hfwlyh rxwsxw
sulfh +wkh iduphu*v vkduh ri rxwsxw pxowlsolhg e| wkh dfwxdo rxwsxw sulfh, ryhu wlph1
Zlwk pdunhw uhirup lw lv dvvhuwhg wkdw erwk dfwxdo dqg h￿hfwlyh sulfhv lqfuhdvh/ dqg
wklv lv fhuwdlqo| wuxh lq wkh fdvh ri Ylhwqdp1 Zlwk wkh uhirup surfhvv/ lq rwkhu zrugv/
rxwsxw lv gluhfwhg ryhu wlph wrzdug pdunhwv zkhuh sulfhv duh kljkhu dqg wkh vkduh ri
rxwsxw dssruwlrqhg wr wkh vwdwh jryhuqphqw iru fhqwudoo|0gluhfwhg glvwulexwlrq idoov1
Vhfrqg/ lq wudqvlwlrqdo hfrqrplhv/ idfwru dqg surgxfw sulfhv jhqhudoo| lqfuhdvh dw
gl￿huhqw udwhv zlwk pdunhw uhirup1 Lq wkh sdshu wklv surfhvv lv fkdudfwhul}hg wkurxjk
d zhljkwhg0frvw vkduh sdudphwhu zklfk phdvxuhv wkh udwlr ri dyhudjh idfwru wr surg0
xfw sulfhv xqghu ydulrxv lqvwlwxwlrqdo duudqjhphqwv1 Dv lv wuxh iru prvw wudqvlwlrqdo
hfrqrplhv/ dqg djdlq wklv lv wkh fdvh iru Ylhwqdp/ wkh ydoxh ri wklv vkduh0frvw sdud0
phwhu idoov zlwk uhirup1 Fkdqjhv lq idfwru sulfhv odj ehklqg wkh lqfuhdvhv lq surgxfw
sulfhv dqg wkh uhvxow lpsolhv wkdw dyhudjh shu xqlw sur￿wv ulvh ryhu wlph1 Wklv/ frp0
elqhg zlwk d ulvlqj h￿hfwlyh sulfh ri rxwsxw/ jhqhudwhv wkh hphujlqj sur￿wv ixqfwlrq
ghyhorshg lq wkh sdshu1
Wkh vwdwlf uhsuhvhqwdwlrq lv wkhq h{whqghg wr wkh lqwhuwhpsrudo hfrqrp|14 Wkh sd0
shu ghyhorsv d g|qdplf prgho ri d pdunhw uhirup hfrqrp| lq zklfk wkh uhsuhvhqwdwlyh
iduphu fkrrvhv h￿ruw ohyhov dw hdfk srlqw lq wlph wr pd{lpl}h dq lqwhuwhpsrudo xwlolw|
ixqfwlrq wkdw ghshqgv rq frqvxpswlrq dqg h￿ruw1 Wkh uhvxowlqj vroxwlrq fkdudfwhul}hv
wkh lqyhvwphqw surfhvv/ zkhuh h￿ruw ohyhov dqg erwk wkh sdwk dqg vwhdg|0vwdwh ydoxh
ri fdslwdo ghshqg rq wkh h{whqw ri pdunhw uhirup= Lq frqwudvw wr vwdqgdug Udpvh|
4D vwdwlf yhuvlrq ri wkh prgho lv ghyhorshg dqg whvwhg iru Ylhwqdp lq Fkh dqg Yrxvghq +4<<;,1jurzwk prghov/ wkh ydoxh ri wkh udwh ri uhwxuq wr fdslwdo khuh ghshqgv rq ￿> dqg gli0
ihuhqw pdunhw uhirup uhjlphv uhvxow lq gl￿huhqw ydoxhv ri wkh fdslwdo vwrfn dqg rxwsxw
shu fdslwd hyhq li wkh htxloleulxp ydoxh ri udwh ri uhwxuq lv xqfkdqjhg1
Iroorzlqj Edogzlq +4<<5,/ phdvxuhv ri vwdwlf dqg g|qdplf rxwsxw jdlqv iurp uh0
irup duh dovr ghulyhg1 Lqfuhdvhv lq ￿ uhvxow lq pruh h￿ruw dqg lqfuhdvhg ydoxhv ri wrwdo
idfwru surgxfwlylw| dv d phdvxuh ri vwdwlf jdlqv1 Zlwk lqfuhdvhg h￿ruw/ wkh pdujlqdo
surgxfw ri fdslwdo dovr lqfuhdvhv dqg kljkhu udwhv ri uhwxuq wkxv lpso| lqgxfhg fdslwdo
dffxpxodwlrq dv d g|qdplf jdlq iurp pdunhw uhirup1 Xqolnh Edogzlq +4<<5,/ krz0
hyhu/ hdfk phdvxuh qrz ghshqgv rq sdudphwhu ydoxhv iru d zrun0glvxwlolw| frh!flhqw
+}, rq h￿ruw dqg wkh lqyhuvh ri d frqvwdqw lqwhuwhpsrudo hodvwlflw| ri vxevwlwxwlrq ru
￿1 Wklv wxuqv rxw wr eh lpsruwdqw dqg surylghv d mxvwl￿fdwlrq iru lqfoxglqj wkh h￿ruw
yduldeoh lq wkh ￿uvw sodfh1 Wkh uhodwlyh vxffhvv ri dq| qhz wudgh olehudol}dwlrq uhjlph/
lq whupv ri lwv h￿hfwv rq jurzwk sdwkv dqg vwhdg|0vwdwh ydoxhv/ qrz ghshqgv rq wkh
uhodwlyh zloolqjqhvv wr zrun kdughu lq uhvsrqvh wr hqkdqfhg lqfhqwlyhv dqg wkh ghjuhh
wr zklfk iduphuv duh zloolqj wr srvwsrqh frqvxpswlrq lq uhvsrqvh wr kljkhu udwhv ri
uhwxuq1 Zlwk uhirup/ orzhu ydoxhv ri } dqg ￿ lpso| odujhu lqfuhdvhv lq wrwdo idfwru
surgxfwlylw| dqg juhdwhu vwhdg|0vwdwh ydoxhv dqg udwhv ri jurzwk dorqj d wudqvlwlrqdo
sdwk1
Wkh rxwolqh ri wkh sdshu lv dv iroorzv1 Vhfwlrq 5 vhwv rxw wkh g|qdplf hphujlqj
sur￿wv prgho1 Vhfwlrq 514 gh￿qhv wkh whfkqrorj| dqg ghyhorsv wkh hphujlqj suri0
lwv ixqfwlrq dqg vhfwlrq 515 vroyhv wkh lqwhuwhpsrudo sureohp iru wkh iduphu15 Wkh
prgho lv lq wudglwlrqdo qhrfodvvlfdo irup lq wkh vhqvh wkdw wkh udwh ri jurzwk ri oderxu
lv wdnhq wr eh dq h{rjhqrxv1 Lqfoxglqj wkh h￿ruw yduldeoh surylghv wkh ghvluhg hqgr0
jhqhlw| ri jurzwk sdwkv dqg vwhdg| vwdwhv lq dq| fdvh16 Vhfwlrq 516 ghulyhv htxloleulxp
jurzwk sdwkv dqg vwhdg|0vwdwh ydoxhv dqg erwk wkh vwdwlf dqg lqwhuwhpsrudo irup ri
dq clqvwlwxwlrqdo* surgxfwlrq ixqfwlrq/ xvhg wr fdswxuh lqvwlwxwlrqdo fkdqjh dqg pdu0
nhw uhirup/ lv rewdlqhg1 Xqolnh vwdqgdug prghov/ wkh ydoxh ri wrwdo idfwru surgxfwlylw|
lv vkrzq wr ghshqg rq ￿ dqg }= Vhfwlrq 517 ghulyhv vwdwlf dqg g|qdplf jdlqv iurp
pdunhw uhirup dqg vhfwlrq 6 gudzv frpsdulvrqv ehwzhhq wkh prgho ri vhfwlrq 5 dqg
vwdqgdug Udpvh| jurzwk prghov1 D ixuwkhu frpsdulvrq wr wkh prgho zlwkrxw wkh
h￿ruw yduldeoh xqghuvfruhv wkh lpsruwdqfh ri lqfrusrudwlqj h￿ruw lqwr wkh prgho=
Lq vhfwlrq 7 wkh prgho lv dssolhg wr wkh fdvh ri ulfh surgxfwlrq lq Ylhwqdp1 Wkh
ydulrxv wudqvlwlrqdo shulrgv ri pdunhw uhirup duh ghvfulehg lq vhfwlrq 714 dqg wkh
gdwd vrxufhv dqg uhohydqw hvwlpdwlrqv duh vhw rxw lq vhfwlrq 7151 Wkh sdshu surylghv
wzr hpslulfdo phdvxuhv ri wkh lpsdfw ri pdunhw uhirup1 Vhfwlrq 71614 xvhv d olqhdu
dssur{lpdwlrq durxqg vwhdg|0vwdwh ydoxhv wr ￿qg wkh lpsolhg udwhv ri jurzwk lq ulfh
rxwsxw iurp rqh vwdjh ri wudgh olehudol}dwlrq wr wkh qh{w1 Frqyhujhqfh wlphv ghshqg
rq wkh h{whqw ri pdunhw uhirup dv grhv wkh vwhdg|0vwdwh ydoxh ri fdslwdo/ ulfh rxwsxw
5Fkh/ Nrpsdv dqg Yrxvghq +4<;;, jlyhv d ￿uvw dqg xvhixo dwwhpsw dw wklv prgho1 Khuh/ dq
h￿ruw yduldeoh iru odqg zdv dovr lqwurgxfhg wr fkdudfwhul}h wkh lpsruwdqfh ri wudgh olehudol}dwlrq rq
wkh surgxfwlylw| ri odqg xvh/ dowkrxjk wkh hpslulfdo phdvxuh ri pdunhw uhirup zdv edvhg vroho| rq
d olqhdu dssur{lpdwlrq wr vwhdg|0vwdwh ydoxhv1 Lq wkh suhvhqw sdshu/ wkh frpsolfdwlrq ri dq h￿ruw
yduldeoh iru odqg lv gursshg dqg dowkrxjk wkh olqhdu dssur{lpdwlrq lv uhshdwhg khuh/ iru wkh uhgxfhg
irup ri wkh prgho/ erwk wkhruhwlfdo dqg hpslulfdo uhvxowv duh dovr hvwdeolvkhg wkurxjk phdvxuhv ri
wkh vwdwlf dqg g|qdplf jdlqv iurp pdunhw uhirup1 Lw wxuqv rxw wkdw wkh ghfrpsrvlwlrq ehwzhhq vwdwlf
dqg g|qdplf h￿hfwv dovr dggv frqvlghudeo| wr wkh lqwxlwlrq iru wkh g|qdplfv dqg doorzv iru d fohdu
uhsuhvhqwdwlrq ri wkh lpsruwdqfh ri dq h￿ruw yduldeoh1
6Wkh gh￿qlwlrq ri fdslwdo lv qduurzo| gh￿qhg zlwk wkh suhvxpswlrq wkdw wkhuh duh qr vljql￿fdqw
cvslooryhuv* lq djulfxowxudo surgxfwlrq iru wudqvlwlrqdo hfrqrplhv1 Dowkrxjk kxpdq fdslwdo dffxpx0
odwlrq pd| dovr eh lpsruwdqw lq sudfwlfh/ li iru qr rwkhu uhdvrq wkdq gdwd olplwdwlrqv/ lw lv rplwwhg
iurp wkh prgho1
5dqg wudqvlwlrqdo jurzwk lq hdfk vwdjh17 Wkh pruh h{whqvlyh lv wkh ghjuhh ri uhirup
wkh odujhu duh wkh h￿hfwv/ vxjjhvwlqj wkdw lqfhqwlyhv dqg frpshwlwlyh pdunhwv pdwwhu
juhdwo|1 Wkh uhvxowv duh frq￿uphg lq vhfwlrq 71615 lq whupv ri wkh suhflvh phdvxuhv ri
wkh vwdwlf dqg g|qdplf rxwsxw jdlqv iurp pdunhw uhirup1 Vhfwlrq 8 frqfoxghv dqg dq
dsshqgl{ froohfwv vrph whfkqlfdo ghwdlov1
51 Dq Hphujlqj Surwv Prgho
5141 Whfkqrorj| dqg sur￿wv
Iroorzlqj PfPloodq/ Zkdooh| dqg ]kx +4<;<,/ ohw % uhsuhvhqw wkh ohyho ri h￿ruw ri d
w|slfdo iduphu/ vr wkdw/ iru Q zrunhuv/ %Q lv wkh h￿hfwlyh frqwulexwlrq ri oderxu wr
rxwsxw phdvxuhg lq ch!flhqf| xqlwv*1 Dv phqwlrqhg/ wkh ydoxh ri % fdq eh eurdgo|
lqwhusuhwhg wr lqfoxgh hyhu|wklqj wkdw ghwhuplqhv wkh txdolw| ri wkh iduphu*v oderxu dv
zhoo dv wkh zloolqjqhvv wr olwhudoo| h{huw pruh h￿ruw gxh wr wkh hqkdqfhg lqfhqwlyhv wkdw
dffrpsdq| pdunhw uhirup1 Dvvxph d frqvwdqw uhwxuqv wr vfdoh surgxfwlrq ixqfwlrq
T @ ￿3+%Q,￿4O￿5H￿6N￿7 +514,
zkhuh T/ O/ H/d q gN uhsuhvhqw rxwsxw/ odqg/ pdwhuldo lqsxwv +h1j1/ ihuwlol}hu dqg





zkhuh t/ o/ h/ n duh rxwsxw/ odqg/ pdwhuldo lqsxwv/ dqg fdslwdo shu iduphu1
Lq sulqflsoh/ iduphuv zrun lq gl￿huhqw lqvwlwxwlrqdo vhwwlqjv wkdw ydu| iurp d frp0
pxqdo v|vwhp wr ydulrxv irupv ri vkduh0frqwudfwlqj dqg sulydwh frpshwlwlyh pdunhwv1
Wr uhsuhvhqw wklv ohw ￿ 5 ^3>4‘ eh wkh iudfwlrq ri dgglwlrqdo uhyhqxh wkdw wkh iduphu lv
doorzhg wr nhhs dqg ohw ￿st .g eh d phdvxuh ri lqfrph iru sulfh s> zklfk dovr ydulhv
e| lqvwlwxwlrqdo vhwwlqj1 Wkh ydoxh g lv d frqvwdqw wkdw uhsuhvhqwv sd|phqwv uhfhlyhg
xqghu d frppxqdo v|vwhp/ riwhq uhjdugohvv ri h￿ruw/ vr wkdw zkhq ￿ htxdov }hur doo
surgxfwlrq +ohvv g, lv wudqvihuuhg wr wkh vwdwh jryhuqphqw1 Ydulrxv vkduh0frqwudfwlqj
vfkhphv wkxv lpso| wkdw ￿ lv d srvlwlyh iudfwlrq dqg zkhq pdunhwv duh sulydwh dqg
frpshwlwlyh ￿ htxdov rqh1 Lq wkh odwwhu fdvh/ wkh iduphu uhwdlqv doo lqfrph dqg g lv
fohduo| }hur vr wkdw/ lq wklv vhqvh/ ￿ lv dq lqgh{ wkdw phdvxuhv erwk wkh lqfhqwlyh wr
zrun dqg wkh iudfwlrq ri wkh ydoxh ri wkh pdujlqdo surgxfw wkdw zrxog eh sdlg wr wkh
iduphu18 Dq hvvhqwldo surshuw| ri wkh uhirupv frqvlghuhg lq wklv sdshu lv wkdw erwk ￿
dqg ￿s lqfuhdvh zlwk pdunhw uhirup1
Frvwv ghshqg rq dq yhfwru ri lqsxw sulfhv z dqg wkh wrwdo frvw ixqfwlrq/ dv xvxdo/
lv gh￿qhg dv
F @ f3Z+z,t +516,
zkhuh f3 lv d frqvwdqw wkdw ghshqgv rq wkh vkduh sdudphwhuv iru lqsxwv lq htxdwlrq
+514, dqg Z+z, gh￿qhv wkh zhljkwhg vkduh ri lqsxw sulfhv1 Wkh sur￿w ixqfwlrq lv wkxv
￿ @ ￿st ￿ f3Z+z,t +517,
7Iurp wkh lqglylgxdo iduphu*v srlqw ri ylhz/ wkh ohqjwk| dqg judgxdo dgmxvwphqw wr d qhz vwhdg|0
vwdwh ydoxh ri wkh fdslwdo vwrfn lv dvvxuhg e| wkh devhqfh ri zhoo0ghyhorshg fdslwdo pdunhwv dv w|slfdo
lq wudqvlwlrqdo hfrqrplhv1
8Wklv vlpsoh uhsuhvhqwdwlrq ri wkh lqfhqwlyh vfkhph fdq eh wkrxjkw ri dv d uhgxfhg irup ri d pruh
frpsoh{ v|vwhp ri htxdwlrqv wkdw gh￿qh d uhzdug vwuxfwxuh1 Vhh PdfUdh +4<::, dqg Vlfxodu +4<;;,1
6ljqrulqj g1 Dv phqwlrqhg/ lq wudqvlwlrqdo hfrqrplhv/ idfwru dqg surgxfw sulfhv jhq0
hudoo| lqfuhdvh dw gl￿huhqw udwhv zlwk pdunhw uhirup1 Wr fdswxuh wklv/ gh￿qh p @
Z+z,@￿s dv d zhljkwhg0frvw vkduh sdudphwhu ru wkh udwlr ri dyhudjh idfwru wr surg0
xfw sulfhv1 Wkh sur￿w ixqfwlrq qrz ehfrphv
￿ @ ￿s^t+4 ￿ f3p,‘ +518,
iru
￿ ￿ ￿s+4 ￿ f3p, +519,
d phdvxuh ri dyhudjh shu0xqlw sur￿wv1 Li idfwru ru lqsxw sulfhv odj ehklqg rxwsxw sulfhv
zlwk wudgh olehudol}dwlrq/ lqfuhdvhv lq ￿s zloo lpso| wkdw ￿ lqfuhdvhv dqg ￿A3 dorqj
d wudqvlwlrqdo sdwk/ dqg htxdwlrq +518, wkxv uhsuhvhqwv dq hphujlqj sur￿wv ixqfwlrq1
5151 Fdslwdo dffxpxodwlrq dqg lqwhuwhpsrudo rswlpl}dwlrq
Wkh uhsuhvhqwdwlyh iduphu doorfdwhv sur￿wv dw wlph w ehwzhhq fxuuhqw frqvxpswlrq
f+w, dqg lqyhvwphqw L+w, lq fdslwdo jrrgv/ vr wkdw
L+w,@￿￿3%￿4o￿5h￿6n￿7 ￿ f+w, +51:,
xvlqj htxdwlrqv +515, dqg +518, dqg wkh gh￿qlwlrq ri ￿1 Fdslwdo shu xqlw ri oderxu
hyroyhv dffruglqj wr
b n @ L+w, ￿ +￿ . q,n @ ￿￿3%￿4o￿5h￿6n￿7 ￿ +￿ . q,n ￿ f+w, +51;,
iru q dq h{rjhqrxv udwh ri jurzwk ri wkh oderxu irufh dqg ￿ wkh udwh ri ghsuhfldwlrq1
Qrwh wkdw wkh phdvxuh ri rxwsxw shu0fdslwd ghshqgv rq wkh ghjuhh ri pdunhw uhirup/
ru ￿ dqg khqfh ￿s1 Lq d vwdqgdug Udpvh| +djjuhjdwh, jurzwk prgho/ ￿￿3%￿4o￿5h￿6n￿7
zrxog vlpso| eh jlyhq e| t ru rxwsxw shu0fdslwd1
Dvvxph wkdw iduphuv uhfhlyh xwlolw| x+f>%, iurp frqvxpswlrq exw glvolnh h￿ruw dqg












iru ￿ wkh lqyhuvh ri wkh frqvwdqw lqwhuwhpsrudo hodvwlflw| ri vxevwlwxwlrq/ ￿ wkh frqvwdqw
vxemhfwlyh udwh ri wlph suhihuhqfh/ dqg sdudphwhu ydoxhv }A3 dqg ￿A31 Wkh
pdujlqdo glvxwlolw| ri h￿ruw fohduo| lqfuhdvhv zlwk h￿ruw dqg ￿ lv fkrvhq wr jxdudqwhh
wkdw/ urxjko| vshdnlqj/ wkh frqfdylw| ri x+f, r￿vhwv wkh ri frqyh{lw| ri x+%, vr wkdw
X+f+w,>%+w,, lv mrlqwo| frqfdyh1
Wkh uhsuhvhqwdwlyh iduphu fkrrvhv frqvxpswlrq dqg h￿ruw ohyhov %+w, dw hdfk srlqw
lq wlph wr pd{lpl}h +51<, vxemhfw wr +51;, dqg n+3, @ n31 Wkh ydoxh ￿s lv sdudphwulf
wr wkh iduphu1 Iluvw0rughu qhfhvvdu| frqglwlrqv duh
f+w,￿￿ @ #+w, +5143,
%+w,}￿￿4 @ #+w,￿￿3o￿5h￿6￿￿4n+w,￿7 +5144,
b #+w,@￿#￿￿3￿7%￿4o￿5h￿6n￿7￿4 . #+￿ . q . ￿, +5145,
b n+w,@￿￿3%￿4o￿5h￿6n￿7 ￿ +￿ . q,n ￿ f+w, +5146,
7iru #+w, wkh fr0vwdwh yduldeoh ru cvkdgrz sulfh* ri fdslwdo1 Dv xvxdo/ htxdwlrq +5143,
vwdwhv wkdw rxwsxw zloo eh doorfdwhg wr lqyhvwphqw xs wr wkh srlqw zkhuh wkh orvv ri
fxuuhqw xwlolw| iurp d xqlw ri fxuuhqw frqvxpswlrq iruhjrqh htxdov wkh lqfuhdvh lq
xwlolw| ryhu doo ixwxuh shulrgv iurp dq h{wud xqlw ri fdslwdo wrgd|1 Htxdwlrq +5144,
vlpso| uhtxluhv wkdw wkh pdujlqdo surgxfw ri h￿ruw htxdov wkh pdujlqdo glvxwlolw| ri
h￿ruw1 Prvw lpsruwdqwo|/ iurp htxdwlrqv +5144, dqg +5146,/ pdunhw uhirup ru lqfuhdvhv
lq ￿ lpso| erwk pruh h￿ruw dqg odujhu wudqvlwlrqdo jurzwk udwhv1
5161 Htxloleulxp jurzwk sdwkv dqg vwhdg| vwdwhv







￿￿3￿7%￿4o￿5h￿6n￿7￿4 ￿ +￿ . q . ￿,
￿
+5147,
ru wkh sursruwlrqdo udwh ri jurzwk ri frqvxpswlrq/ dqg xvlqj +5144,￿+5146, rewdlqv












b n+w,@f+w,￿￿￿4@￿+￿￿3o￿5h￿6,}@￿+￿￿4,￿4@￿n+w,}￿7@￿ ￿ +￿ . q,n ￿ f+w, +5149,
iru ￿ ￿ +} ￿ ￿4,= Wkh ￿uvw whup lq eudfnhwv rq wkh uljkw0kdqg vlgh ri htxdwlrq +5147,
lv d pdunhw uhirup cdxjphqwhg ydoxh* ri wkh pdujlqdo surgxfw ri fdslwdo/ vwdwlqj wkdw
frqvxpswlrq lqfuhdvhv ryhu wlph rqo| zkhq wkh uhdo uhwxuq wr fdslwdo shu iduphu +wkh
pdujlqdo surgxfw ri fdslwdo qhw ri ghsuhfldwlrq dqg srsxodwlrq jurzwk, h{fhhgv wkh
udwh ri wlph suhihuhqfh1
Vhwwlqj b f @ b n @3dqg vroylqj jlyhv
f￿ @ n￿
￿









+￿ . q . ￿,^+4 ￿ ￿7+￿ . q,.￿‘￿￿4@￿
$4@+4￿}￿7@￿.￿￿4@￿,
+514;,
iru wkh vwhdg|0vwdwh ydoxh ri shu0fdslwd frqvxpswlrq +f￿, dqg fdslwdo +n￿,1 Lq vwhdg|
vwdwh b # @3 > vr wkh rswlpdo ydoxh ri h￿ruw lv
%￿ @+ ￿￿3o￿5h￿6￿￿4n+w,￿7,4@+}￿￿4, +514<,
iru # qrupdol}hg wr rqh lq htxdwlrq +5144,19 Pxowlso|lqj e| Q dqg vxevwlwxwlqj wklv
ydoxh lqwr +514, dqg vroylqj |lhogv
T @ DQ￿4O￿5H￿6N￿7 +5153,
9Wkh qrupdol}dwlrq lv dssursuldwh rqo| lq wkh vhqvh wkdw wkh phdvxuh ri vwdwlf dqg g|qdplf jdlqv
iurp pdunhw uhirup +wr iroorz, lv ghulyhg e| zulwlqj htxdwlrq +5153, lq orjdulwkplf irup/ zlwk d
yduldwlrq lq ￿1 Doo frqvwdqw whupv/ lqfoxglqj ￿ ’ S3jc gurs rxw1 Wkh olqhdu dssur{lpdwlrq lq vhfwlrq
7 ehorz surfhhgv gluhfwo| lq whupv ri htxdwlrqv +5148, dqg +5149,/ zlwkrxw wkh qrupdol}dwlrq/ dqg
dffruglqjo| uhgh￿qhv +5153, dv dq rswlpdo lqwhuwhpsrudo surgxfwlrq ixqfwlrq1 Vhh htxdwlrq +71;,
ehorz1 Htxdwlrqv +514<,￿+5154, duh dovr vroxwlrqv wr d vwdwlf sureohp iru dq rswlpdo ydoxh ri 0W
rewdlqhg iurp pd{lpl}lqj d xwlolw| ixqfwlrq ￿EZc0￿￿ Vhh PfPloodq/ Zkdooh| dqg ]kx +4<;<,1
8iru ￿4 @+ }￿4 ￿ ￿4,@￿> ￿5 @ }￿5@￿> ￿6 @ }￿6@￿ dqg ￿7 @ }￿7@￿> zkhuh
D+￿,@￿3+￿￿3￿￿4,￿4@+}￿￿4, +5154,
iru djdlq ￿ ￿ +} ￿ ￿4,1 Htxdwlrq +5153, lv wkh h{dfw frxqwhusduw wr wkh vwdwlf clq0
vwlwxwlrqdo* surgxfwlrq ixqfwlrq frqwdlqhg lq PfPlooldq/ Zkdooh| dqg ]kx +4<;<,/
dqg fohduo| ghshqgv rq wkh lqvwlwxwlrqdo vhwwlqj1 Qrwh dv zhoo wkdw erwk wrwdo idfwru
surgxfwlylw|/ ru D+￿,/ dqg h￿ruw +%, qrz ghshqg rq wkh h{whqw ri pdunhw uhirup ru ￿=
5171 Vwdwlf dqg g|qdplf jdlqv iurp pdunhw uhirup
Iroorzlqj Edogzlq +4<<5,/ irfxv rq sdwkv dqg vwhdg|0vwdwh frpsdulvrqv lq whupv ri
w k hh ￿ h f w vr idf k d q j hl q￿ lq wkh deryh prgho1 Wkhuh duh wzr wklqjv wr frqvlghu1 Dq
lqfuhdvh lq ￿ d￿hfwv wkh ohyho ri D+￿, dv d vwdwlf rxwsxw jdlq iurp pdunhw uhirup/ exw
lw dovr d￿hfwv wkh ydoxh ri n￿ lq htxdwlrq +514;,/ zlwk dq lqgxfhg fdslwdo dffxpxodwlrq
h￿hfw dorqj d wudqvlwlrqdo sdwk1 D kljkhu ydoxh iru n￿ lpsolhv d odujhu ydoxh iru rxwsxw
shu fdslwd dqg wkxv d g|qdplf rxwsxw jdlq iurp pdunhw uhirup1
Wr vhh wklv/ frqvlghu ￿uvw wkh vlpsoh Edogzlq +4<<5, fdvh1 Ohw t @ i+n>￿, vr wkdw lq
vwhdg| vwdwh f￿ @ i+n￿>￿,> iru d jlyhq ohyho ri pdunhw uhirup/ dqg u+n￿>￿,@￿.￿.q>




















Dv Edogzlq +4<<5=497, dujxhv/ wkh vhfrqg whup lq +5155, fdswxuhv wkh xvxdo vwdwlf
h!flhqf| jdlq/ zkloh wkh ￿uvw whup uh hfwv wkh lqgxfhg fdslwdo dffxpxodwlrq h￿hfw1
Li pdunhw uhirup +ru dq lqfuhdvh lq ￿, lqgxfhv fdslwdo dffxpxodwlrq wkurxjk d kljkhu
ydoxh ri u wkh vwdwlf rxwsxw h￿hfw lv hqkdqfhg1 Wkh uhohydqw ghfrpsrvlwlrq lv hvshfldoo|
fohdu iru T @ ￿N￿.￿= Gl￿huhqwldwlqj lq orj0irup zlwk uhvshfw wr ￿ lpsolhv wkdw
a T @ a ￿ .
￿ . ￿
4 ￿ ￿ ￿ ￿
a ￿ +5156,
zkhuh wkh flufxp h{ lqglfdwhv d shufhqwdjh fkdqjh1 Wkh vwdwlf rxwsxw h￿hfw lv jlyhq
e| a ￿ dqg wkh g|qdplf rxwsxw h￿hfw dv d uhvxow ri lqgxfhg fdslwdo dffxpxodwlrq lv d
pxowlsoh ri wklv whup1
Lq whupv ri wkh prgho deryh/ xvlqj htxdwlrq +5148,/ wkh pdunhw uhirup cdxjphqwhg
ydoxh* iru wkh udwh ri uhwxuq dorqj d wudqvlwlrqdo sdwk lv
u+n>￿,@f+w,￿￿￿4@￿.4+￿￿3o￿5h￿6,}@￿+￿￿4,￿4@￿￿7n+w,}￿7@￿￿4 +5157,
dv d ixqfwlrq ri n dqg ￿1 Wkh yduldwlrq Cu@Cn lv ohvv wkdq }hur li ￿7 @ }￿7@￿ @
}￿7@+} ￿￿4, lv ohvv wkdq rqh dqg Cu@C￿ lv juhdwhu wkdq }hur li +} ￿￿4, lv srvlwlyh1 Li
vr/ pdunhw uhirup lqgxfhv fdslwdo dffxpxodwlrq wkurxjk dq lqfuhdvh lq ￿ 1W ri r u pd
ghfrpsrvlwlrq ehwzhhq vwdwlf dqg g|qdplf h￿hfwv/ zulwh htxdwlrq +514;, lq devroxwh
irup dqg dv d ixqfwlrq ri ￿ vr wkdw
N￿ @ E+￿,4@+4￿}￿7@￿.￿￿4@￿, +5158,
zkhuh wkh whup E fdswxuhv doo ri wkh frqvwdqwv lq +514;,1 Vwdwlf h!flhqf| uhtxluhv
wkdw htxdwlrq +5153, krogv dw hdfk srlqw dorqj dq rswlpdo sdwk1 Vxevwlwxwlqj iurp
+5158, lpsolhv wkdw
T @ D+￿,Q￿4O￿5H￿6^E+￿,4@+4￿}￿7@￿.￿￿4@￿,‘￿7 +5159,
9iru D+￿, d ixqfwlrq ri ￿> jlyhq e| htxdwlrq +5154,1 Ilqdoo|/ gl￿huhqwldwlqj lq orj0irup

















Wkh ￿uvw whup rq wkh uljkw0kdqg vlgh ri +515:, phdvxuhv vwdwlf rxwsxw jdlqv1 Uhfdoo
wkdw ￿4 lv wkh vkduh sdudphwhu rq h￿hfwlyh oderxu xqlwv ru %Q= Li +} ￿ ￿4, A 3>
lqfuhdvhv lq ￿> ru odujhu shu0xqlw sur￿wv/ uhvxow lq pruh h￿ruw +vhh htxdwlrqv +5144,
dqg +514<,, dqg dq lqfuhdvh lq rxwsxw wkurxjk dq lqfuhdvh lq phdvxuhg D+￿,= Wkh
vhfrqg whup fdswxuhv g|qdplf rxwsxw jdlqv iurp pdunhw uhirup1: Li wkh %0ydoxh ri
h￿ruw lqfuhdvhv zlwk ￿> dv lw pxvw iurp htxdwlrq +5144, ru +514<,/ iru ￿7 d srvlwlyh
iudfwlrq dqg +}￿￿4, A 3/ wkh pdujlqdo surgxfw ri fdslwdo pxvw eh odujhu1 Wkh vhfrqg
whup rq wkh uljkw0kdqg vlgh ri htxdwlrq +515:, lq idfw qrz uhtxluhv +zlwk sdudphwhu
uhvwulfwlrqv, wkdw wkh udwh ri uhwxuq wr fdslwdo/ ru u+n>￿,> ulvhv zlwk ￿= Pdunhw uhirup
wkxv lqgxfhv fdslwdo dffxpxodwlrq dqg d￿hfwv erwk wkh wudqvlwlrqdo jurzwk sdwk +vhh
+5149,, dqg wkh vwhdg|0vwdwh ydoxh ri fdslwdo jlyhq e| htxdwlrq +514;,1
61 Frpsdulvrqv wr Vwdqgdug Udpvh| Prghov
Ehiruh frqvlghulqj wkh fdvh ri Ylhwqdp/ lw lv xvhixo wr gudz vrph frpsdulvrqv ehwzhhq
wkh prgho ri vhfwlrq 5 dqg vwdqgdug Udpvh| prghov1 Uhfdoo ￿uvw wkdw wkh rswlpdo






^i3+n, ￿ +￿ . q . ￿,‘ +614,
dqg lq vwhdg| vwdwh wkh frqglwlrq
u+n￿,@+ ￿ . q . ￿, +615,
ghwhuplqhv/ zlwk uhjxodulw|/ d xqltxh ydoxh ri wkh fdslwdo0oderxu udwlr ru n￿> iru jlyhq
frqvwdqwv +￿ . q . ￿,1 Wklv lv qrw wkh fdvh iru wkh prgho lq vhfwlrq 5/ dqg prvw
lpsruwdqwo| vr1 Zlwk htxdwlrqv +5148, dqg +5157,/ wkh vwhdg|0vwdwh udwh ri uhwxuq lv
qrz
u+n>￿,@+ ￿ . q . ￿, +616,
dv d ixqfwlrq ri erwk n dqg ￿1 Dv ghvfulehg deryh/ lqfuhdvhv lq ￿ uhvxow lq dq lq0
fuhdvh lq udwh ri uhwxuq dqg wkxv lqgxfhg fdslwdo dffxpxodwlrq1 Zlwk lqfuhdvhv lq
n wkh udwh ri uhwxuq djdlq idoov dorqj d wudqvlwlrqdo sdwk/ dqg vlqfh +￿ . q . ￿, lv
vwloo d frqvwdqw/ u pxvw hyhqwxdoo| uhdfk wkh vdph vwhdg|0vwdwh ydoxh1 Krzhyhu/ wkh
ydoxh ri wkh fdslwdo0oderxu udwlr zloo qrz eh odujhu lq vwhdg| vwdwh1 Lq idfw/ wklv lv
wkh srlqw1 Gl￿huhqw pdunhw uhirup uhjlphv uhvxow lq gl￿huhqw ydoxhv ri n dqg wkxv
gl￿huhqw ydoxhv iru rxwsxw dqg frqvxpswlrq shu fdslwd1; Vxfk d frqqhfwlrq fdqqrw
eh rewdlqhg lq htxdwlrq +615, vlqfh n lv xqltxho| ghwhuplqhg/ lqghshqghqw ri pdunhw
uhirup sdudphwhuv1
:Lq shu fdslwdo irup/ wklv whup lv h{dfwo| ￿eE￿ &*&￿ ru wkh frqwulexwlrq ri lqfuhdvhv lq wkh fdslwdo0
oderxu udwlr wr lqfuhdvhv lq rxwsxw shu fdslwd1 Vhh vhfwlrq 6 ehorz1
;Lw lv hdv| wr vkrz wkdw Yo*Y& ￿ f dqg Y^*Y& : f duh erwk qhfhvvdu| iru wkh prwlrqv jlyhq e|
htxdwlrqv +5148, dqg +5149, wr vdggohsrlqw vwdeoh1 Wklv lv frq￿uphg e| wkh vljq ri wkh ghwhuplqdqw
ydoxh ri wkh frh!flhqw pdwul{ jlyhq e| +D4, lq wkh dsshqgl{ ehorz1
:Qh{w/ wr kljkoljkw wkh lpsruwdqfh ri %> frqvlghu d frpsdulvrq ehwzhhq wkh prgho
lq vhfwlrq 5 dqg d frpsdudeoh v|vwhp zlwk wkh h￿hfwv ri pdunhw uhirup +ru fkdqjhv
lq ￿,> exw zlwkrxw wkh h￿ruw yduldeoh %1 Wr vhh wklv/ pd{lpl}h htxdwlrq +51<,/ zlwk
% @3 / vxemhfw wr
b n @ ￿￿3o￿5h￿6n￿7 ￿ +￿ . q,n ￿ f+w, +617,







￿￿3￿7o￿5h￿6n￿7￿4 ￿ +￿ . q . ￿,
￿
+618,




￿ . q . ￿
￿4@+4￿￿7,
+619,
zkhuh/ uhfdoo/ ￿7 lv wkh vkduh sdudphwhu frh!flhqw iru n1 Lw lv fohdu iurp htxdwlrq
+618, wkdw wkh pdunhw uhirup cdxjphqwhg ydoxh* ri wkh pdujlqdo surgxfw ri fdslwdo
+wkh ￿uvw whup lq eudfnhwv,/ ru u+n>￿,> lv vwloo d ixqfwlrq ri wkh fdslwdo0oderxu udwlr
dqg ￿1 Exw frpsduh htxdwlrqv +514;, dqg +619,1 E| h{dplqlqj wkh frh!flhqwv lq wkh
h{srqhqwldo whupv/ dqg qrwlqj wkdw ￿7 @ }￿7@+} ￿ ￿4,> lw lv hdv| wr vhh wkdw
4







zkhqhyhu ￿A￿ 7= Wkh rssrvlwh ri frxuvh krogv iru ￿?￿ 7= D vlplodu uhvwulfwlrq
dssolhv iru wudqvlwlrqdo sdwkv1 Xvlqj htxdwlrq +514;, dqg +619, lq orjdulwkplf irup/

















iru ￿?4=< Lq rwkhu zrugv/ iru 4 A￿A￿ 7/ wkh prgho zlwk dq h￿ruw yduldeoh/
frpsduhg wr rqh zlwkrxw/ uhvxowv lq d orzhu vwhdg|0vwdwh ydoxh iru fdslwdo dqg idvwhu
wudqvlwlrqdo sdwkv1 Exw doo ri wklv lv h{dfwo| zkdw rqh zrxog h{shfw dqg zdqw1 Wkh
xvh ri % lqfrusrudwhv dq h{wud dqg lpsruwdqw ghjuhh ri hqgrjhqlw| lq wkh prgho/ vr
wkdw sdwkv dqg vwhdg| vwdwhv ghshqg rq wkh vl}h +lqgluhfwo|, ri wkh h￿ruw0glvxwlolw|
frh!flhqw +},/ ru wkh uhodwlyh zloolqjqhvv wr zrun kdughu lq uhvsrqvh wr hqkdqfhg
lqfhqwlyhv/ dqg wkh ghjuhh wr zklfk iduphuv duh zloolqj wr srvwsrqh frqvxpswlrq lq
uhvsrqvh wr kljkhu udwhv ri uhwxuq/ ru wkh ohyho ri ￿143 Lq whupv ri wkh g|qdplfv/ wkh
<Pxowlso|lqj erwk vlghv ri htxdwlrq +61;, e| ke jlyhv g|qdplf jdlqv iurp pdunhw uhirup1 Pxowl0
so|lqj ￿*E￿3ke￿ e| ke lv dovr h{dfwo| wkh vhfrqg whup rq wkh uljkw0kdqg vlgh ri +5156, iru knw ’ ke/
dv lq Edogzlq +4<<5,1
43D vlplodu vruw ri hqgrjhqhlw| dovr rffxuv lq vwdqgdug Udpvh| prghov zlwk h{rjhqrxv whfkqrorjl0
fdo fkdqjh +%￿c zkhuh j% lv qrz d frpsrqhqw ri wkh ch￿hfwlyh* udwh ri glvfrxqw dqg/ dv vxfk/ fdswxuhv
wkh h￿hfw ri glplqlvklqj pdujlqdo xwlolw| iurp frqvxpswlrq gxh wr wkh jurzwk lq S dw udwh %￿ Khuh/
dq lqfuhdvh lq j uhvxowv qrw rqo| lq orzhu vwhdg| vwdwh ydoxhv ri frqvxpswlrq dqg wkh fdslwdo vwrfn/
exw iru dq| jlyhq j wkh ydoxh ri S dqg & zloo dovr eh orzhu wkdq lq dq| frpsdudeoh Udpvh| prgho
zlwkrxw whfkqrorjlfdo fkdqjh1
Dqrwkhu h{dpsoh fdq eh gudzq iurp wkh olwhudwxuh rq csryhuw| wudsv*1 Iru d xwlolw| ixqfwlrq ri wkh
;uhodwlyh h￿hfwv ri } dqg ￿ fdqqrw eh fdswxuhg lq wkh prgho zlwkrxw dq h￿ruw yduldeoh/
ru lq Edogzlq*v +4<<6, phdvxuh ri g|qdplf jdlqv iurp wudgh +vhh htxdwlrq +5156,,144
Wkh vdph srlqw dssolhv wr wkh phdvxuh ri wkh vwdwlf jdlqv iurp pdunhw uhirup1
Uhfdoo wkdw wklv phdvxuh lv jlyhq e| a ￿￿4@+} ￿ ￿4,1 Lqfoxglqj dq h￿ruw yduldeoh lq
wkh prgho wkxv lpsolhv wkdw erwk wkh phdvxuhv ri vwdwlf jdlqv iurp uhirup dqg wrwdo
idfwru surgxfwlylw| +WIS, ru D+￿,> jlyhq e| htxdwlrq +5154,/ ghshqg rq } ru wkh zrun0
glvxwlolw| frh!flhqw iru h￿ruw1 Qrw rqo| lv wklv fuxfldo iru wkh hpslulfdo uhvxowv wr
iroorz/ vlqfh fkdqjhv lq ￿ ru pdunhw uhirup fdq qrz eh qlfho| uhsuhvhqwhg e| fkdqjhv
lq wrwdo idfwru surgxfwlylw|/ lq dq rwkhuzlvh wudglwlrqdo pdqqhu/ exw lqfoxglqj dq
h￿ruw yduldeoh +rqfh djdlq, dovr fdswxuhv dq lpsruwdqw sdudphwhu h￿hfw1 Dq lqfuhdvh
lq } lpsolhv wkdw zrun lv pruh cglvdjuhhdeoh* dqg dv vxfk lv sduwo| d phdvxuh ri wkh
fxuydwxuh ri wkh xwlolw| ixqfwlrq +vhh htxdwlrq +51<,,1 Iru dq| jlyhq a ￿> kljkhu ydoxhv
ri } wkxv uhvxow lq erwk orzhu ydoxhv ri phdvxuhg D+￿, dqg vwdwlf jdlqv iurp pdunhw
uhirup1 Dq lqfuhdvh lq ￿ fohduo| uhvxowv lq pruh h￿ruw +vhh htxdwlrq +5144, ru +514<,,/
exw wkh lpsdfw ri dq| qhz wudgh olehudol}dwlrq uhjlph/ lq whupv ri lqfuhdvhv lq rxwsxw/
dovr fohduo| ghshqgv rq wkh uhodwlyh zloolqjqhvv wr zrun1 Qrqh ri wklv fdq eh vkrzq
lq wkh prgho zlwkrxw dq h￿ruw yduldeoh145
71 Pdunhw Uhirup dqg Ulfh Surgxfwlrq lq Ylhwqdp
7141 Wudqvlwlrqdo shulrgv
Wkh prgho ri vhfwlrq 5 lv qrz dssolhg wr wkh fdvh ri ulfh surgxfwlrq +wkh prvw vljqli0
lfdqw djulfxowxudo lqgxvwu|, lq Ylhwqdp1 Wkh uhohydqw pdunhw uhirup ru wudqvlwlrqdo
shulrgv wkdw fruuhvsrqg wr wkh dydlodeoh gdwd fdq eh glylghg lqwr= +d, wkh frppx0
qdo v|vwhp +4<:8￿;3,/ +e, rxwsxw frqwudfwv +4<;4￿;:,/ dqg +f, wudgh olehudol}dwlrq
+4<;;￿<7,1 Wkh ryhudoo surfhvv lv fkdudfwhul}hg e| d pryh iurp sxeolf rzqhuvkls dqg
fhqwudo sodqqlqj wr d irup ri sulydwh surshuw| dqg ixoo| frpshwlwlyh pdunhwv/ zlwk
hqkdqfhg lqfhqwlyhv wr surgxfh pruh dqg pruh h!flhqwo|1 Lq eurdg whupv/ xqghu wkh
irup
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wkdw lv qrz d yduldeoh dqg lqfuhdvlqj ixqfwlrq ri Sc wkh vwhdg|0vwdwh ydoxhv ri & dqg S zloo eh orzhu wkdq
lq wkh frpsdudeoh vwdqgdug Udpvh| prgho zkhq 7 S ’f ￿ Vhh Nrpsdv +4<<<, iru d ixuwkhu glvfxvvlrq
dqg qrwh/ vhwwlqj dvlgh udwhv ri uhwxuq dqg vdylqjv ehkdylrxu/ wkdw iru lqlwldo ydoxhv ri SEf￿ forvh wr
7 S wkh ydoxh ri j zloo eh yhu| kljk1 Dowkrxjk wkh frpsolfdwlrq lv dyrlghg khuh/ xwlolw| ixqfwlrqdov ri
wklv w|sh fdq eh xvhixoo| dssolhg wr vwxglhv ri ghyhorslqj hfrqrplhv dv d zd| ri hqgrjhql}lqj j dqg
frpsdulqj lw wr ydoxhv ri ke/ dv vxjjhvwhg e| htxdwlrqv +61:, dqg +61;, deryh/ dfurvv erwk vwhdg|
vwdwhv dqg dorqj d wudqvlwlrqdo sdwk1 Vhh Nlqj dqg Uhehor +4<<6, dqg Vduho +4<<7, dv zhoo1
44Lq dq| hyhqw/ lw lv fohdu iurp htxdwlrq +515:, wkdw iru dq| qrq0qhjdwlyh ydoxh ri j wkhuh zloo eh
vxevwdqwldo g|qdplf jdlqv irup pdunhw uhirup/ lqfoxglqj wkh fdvh lq zklfk j:k ec dqg wklv wkh
h￿hfw wkdw lv hpskdvl}hg wkurxjkrxw wkh sdshu1 Vlpxodwlrqv rq wkh olqhdu dssur{lpdwlrq +ghwdlov
duh dydlodeoh iurp wkh dxwkruv rq uhtxhvw, lq vhfwlrq 71614/ iru ydoxhv ri j iurp 314 wr 43/ vkrz
+dv h{shfwhg, wkdw wkh ohqjwk ri wlph ri frqyhujhqfh wr d vwhdg| vwdwh lqfuhdvhv zlwk j exw/ prvw
lpsruwdqwo|/ wkh h￿hfwv ri gl￿huhqw ydoxhv ri j duh uhodwlyho| lqvljql￿fdqw wr wkh uhvxowlqj udwh ri
jurzwk lq ulfh rxwsxw dorqj d wudqvlwlrqdo sdwk1 Wklv lv frq￿uphg e| wkh vhqvlwlylw| uhvxowv ri 5 rq
wkh phdvxuh ri wkh g|qdplf rxwsxw jdlqv h￿hfw1 Vhh vhfwlrq 71615 ehorz1
45Frpsduh Edogzlq*v +4<<6, phdvxuh ru wkh ￿uvw whup rq wkh uljkw0kdqg vlgh ri htxdwlrq +5156,1
Qxphulfdo hvwlpdwhv vkrz wkdw wkh phdvxuh ri vwdwlf jdlqv lv lq idfw txlwh vhqvlwlyh wr fkdqjhv lq 51
Vhh vhfwlrq 71615 ehorz1
<frppxqdo v|vwhp yluwxdoo| doo ri ulfh surgxfwlrq zdv orfdwhg lq frpsxovru| djulfxo0
wxudo froohfwlyhv/ zlwk doo idup dfwlylwlhv/ lqfoxglqj wkh fkrlfh ri lqsxwv/ ghvljqdwhg e|
vwdwh0sodqqlqj dxwkrulwlhv1 Diwhu kduyhvw/ d sruwlrq ri rxwsxw zdv h{wudfwhg e| wkh
fhqwudo jryhuqphqw1 Wkh uhpdlqghu zdv uhtxluhg e| odz wr eh vrog lq vwdwh pdunhwv
dw orz vwdwh sulfhv +urxjko| 53￿63( ri wkh hvwlpdwhg pdunhw sulfh,1 Vpdoo sulydwh
sorwv zhuh doorzhg exw rqo| iru wkh krxvhkrog frqvxpswlrq ri vxevlgldu| djulfxowxudo
jrrgv/ dqg vlqfh lqglylgxdo h￿ruw zdv kdug wr dffxudwho| ghwhuplqh wkh glvwulexwlrq
ri ulfh zlwklq wkh frppxqh zdv edvhg rq hjdolwduldq fulwhuld1 Dv d dssduhqw uhvxow
ri wkhvh frqwurov/ wkh rxwsxw ri ulfh ihoo pdunhgo|/ dqg hvshfldoo| vr ryhu wkh shulrg
4<::￿;3/ iruflqj Ylhwqdp wr lpsruw odujh dprxqwv ri ulfh wr phhw grphvwlf ghpdqg1
Wkh shulrg ri rxwsxw frqwudfwv fruuhvsrqgv wr d pryh wr gh0froohfwlyl}h djulfxowxuh1
Sorwv ri odqg zhuh doorfdwhg wr sulru phpehuv ri wkh frppxqh dqg iduphuv zhuh
doorzhg wr rujdql}h surgxfwlrq dfwlylwlhv sulydwho|/ lq zkdw h￿hfwlyho| zdv d whqwdwlyh
￿uvw pryh wrzdugv sulydwh surshuw| uljkwv1 Dowkrxjk/ iru wkh prvw sduw/ ulfh zdv vwloo
uhtxluhg wr eh vrog lq vwdwh pdunhwv dw orz vwdwh sulfhv/ sulydwh grphvwlf pdunhwv +iru
vrph sruwlrq ri rxwsxw vrog/ urxjko| 53(, lqhylwdeo| hphujhg dqg zhuh frqgrqhg
e| vwdwh dxwkrulwlhv1 Lq idfw/ wkh shulrg lv jhqhudoo| fkdudfwhul}hg e| d cgxdo sulfh*
v|vwhp +d orz vwdwh sulfh dqg d frpshwlwlyh pdunhw sulfh,/ doehlw zlwk vwulfw frqwurov
wr suhyhqw duelwudjh rssruwxqlwlhv ehwzhhq pdunhwv1
Wkh shulrg ri wudgh olehudol}dwlrq ￿qdoo| doorzhg iru h￿hfwlyh sulydwh surshuw|
uljkwv ryhu erwk odqg +lqlwldoo| 43￿48 |hdu ohdvhv, dqg fdslwdo htxlsphqw1 Surgxfwlrq
ghflvlrqv zhuh ixoo| gh0fhqwudol}hg/ doo idup lqfrph +diwhu wd{, zdv uhwdlqhg e| wkh
iduphu dqg lq 4<<3 wkh fhqwudo jryhuqphqw derolvkhg wkh gxdo sulfh v|vwhp1 Ulfh
frxog qrz eh vrog rq frpshwlwlyh grphvwlf pdunhwv zlwk dq lqfhqwlyh vwuxfwxuh wkdw
uhzdughg lqglylgxdo h￿ruw1 Lq 4<<6 whqxuh duudqjhphqwv ryhu odqg zhuh h{whqghg
+wr 53 |hdu ohdvhv,/ surylvlrqv iru wkh h{fkdqjlqj ri ohdvhv dqg wkh vdoh ri odqg zhuh
lqwurgxfhg dqg iduphuv +wkurxjk yroxqwdu| frrshudwlyhv, frxog qrz vhoo ulfh iuhho| lq
lqwhuqdwlrqdo pdunhwv1
Dv d zkroh/ wkh h￿hfwv ri pdunhw uhirup rq ulfh surgxfwlrq duh vwulnlqj/ zlwk wkh
pruh shuydvlyh wkh ghjuhh ri olehudol}dwlrq wkh kljkhu wkh udwh ri jurzwk ri ulfh rxw0
sxw1 Wdeoh 4 vkrzv wklv fohduo|146 Dowkrxjk ulfh rxwsxw kdv lqfuhdvhg vwhdglo| ryhu
wkh shulrgv ri pdunhw uhirup/ wkh jurzwk udwh ri ulfh rxwsxw lv vljql￿fdqwo| kljkhu lq
wkh vhfrqg vwdjh ri uhirup/ ru wkh shulrg ri wudgh olehudol}dwlrq1 Oderxu lqsxwv kdyh
lqfuhdvhg vorzo| ryhu wlph dqg vrzq duhdv ri odqg kdyh dfwxdoo| ghfuhdvhg1 Pdwhuldo
lqsxwv +vxfk dv ihuwlol}hu,/ dowkrxjk fohduo| lpsruwdqw kdyh jurzq pruh vorzo| wkdq
rxwsxw lq hdfk shulrg/ zkloh lqyhvwphqw kdv lqfuhdvhg gudpdwlfdoo| iurp 4<;;￿<7/
dssduhqwo| dffrxqwlqj iru kljk udwhv ri jurzwk lq rxwsxw gxulqj wkh wudgh olehudol}d0
wlrq shulrg1 Lqghhg/ qrw rqo| grhv wklv shulrg urxjko| fruuhvsrqg wr wkh h{whqvlrq
ri sulydwh surshuw| uljkwv ryhu fdslwdo jrrgv/ zklfk xqgrxewhgo| lv d frqwulexwlqj
idfwru/ exw wkh lqfuhdvh lq wkh udwh ri jurzwk ri fdslwdo lv dovr ixoo| frqvlvwhqw zlwk
dq lqgxfhg fdslwdo dffxpxodwlrq h￿hfw/ dv ghwdlohg lq vhfwlrq 5/ wkdw jrhv zlwk wkh
hqkdqfhg lqfhqwlyhv wr surgxfh ulfh xqghu pdunhw uhirup1 Wkh odvw froxpq ri Wdeoh 4
vkrzv wkh dqqxdo jurzwk udwhv iru wrwdo idfwru surgxfwlylw| +WIS,/ fdofxodwhg lq wkh
xvxdo zd| dv Vrorz uhvlgxdov1 Lq doo vwdjhv WIS h{klelwv srvlwlyh jurzwk/ exw qrwh
wklv phdvxuh +jlyhq htxdwlrq +5154, deryh, zloo sduwo| ghshqg rq wkh h{whqw ri pdunhw
uhirup ru ￿=Sduw ri wkh h{huflvh wr iroorz lqyroyhv d ixuwkhu ghfrpsrvlwlrq ri WIS wr
dffrxqw iru wkh vwdwlf dqg g|qdplf jdlqv iurp d fkdqjh lq ￿1
46Iru gdwd vrxufhv dqg hvwlpdwlrqv vhh vhfwlrq 715 ehorz dqg Wdeohv 7 dqg 8 dw wkh hqg ri wkh
sdshu1
43Wdeoh 4= Dqqxdo Jurzwk Udwhv +(,
Shulrg Rxwsxw Oderxu Odqg Pdwhuldo Lqsxwv Fdslwdo WIS
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7151 Gdwd vrxufhv dqg hvwlpdwlrqv
Gdwd iru ulfh rxwsxw dqg lqsxwv duh gudzq iurp ￿iw|0wkuhh surylqfhv lq Ylhwqdp
dqg sduwo| edvhg rq ruljlqdo gdwd vhwv frqvwuxfwhg e| wkh JVR +4<:8￿<7,/ wkh VSF
+4<<8,/ wkh PDIL +4<:8￿<7,/ wkh VGS +4<<8,/ wkh ZE +4<<7/4<<8,/ VUI +4<<7, dqg
wkh VGDII1 Doo uhvxowv iru wkh ￿iw|0wkuhh surylqfhv duh uhsruwhg lq h{whqvlyh wdexodu
irup lq Fkh +4<<:, dqg irup wkh edvlv ri wkh ￿uvw ￿yh froxpqv +e| |hdu, ri Wdeoh
7 dw wkh hqg ri wkh sdshu1 Vlqfh Wdeoh 7 lv h{suhvvhg lq whupv ri jurzwk lqgh{hv
iru doo yduldeohv/ Wdeoh 8 +dovr dw wkh hqg ri wkh sdshu,/ olvwv wkh dfwxdo gdwd iru
djjuhjdwh ulfh rxwsxw dqg lqsxwv lq Ylhwqdp iurp 4<:9￿<71 Iroorzlqj Wdqj +4<;3,
dqg Vlfxodu +4<;8,/ wkh wrwdo ydoxh ri pdwhuldo lqsxwv lv rewdlqhg e| d phdvxuh ri wkh
qxwulwlrqdo frqwhqw ri doo ihuwlol}hu +rujdqlf dqg fkhplfdo,/ lqvhfwlflgh dqg vhhgv xvhg lq
ulfh surgxfwlrq1 Oderxu lv phdvxuhg e| zrunlqj0gd|v dqg lv rewdlqhg e| pxowlso|lqj
wkh dyhudjh +shu shuvrq, zrunlqj gd| shu khfwduh lq djulfxowxuh e| wkh fxowlydwhg ulfh
duhd/ glylghg e| wkuhh kxqguhg gd|v +ru wkh vwdqgdug oderxu xqlw lq rqh |hdu,1 Fdslwdo
lqsxwv duh uhsuhvhqwhg lq whupv ri wudfwru0htxlydohqwv/ zlwk d frqyhuvlrq udwh edvhg
rq nqrzq revhuydwlrqv ehwzhhq d exoorfn0gd| dqg d wudfwru0krxu dw 48 kruvhsrzhu1
Dv deryh +vhh vhfwlrq 514,/ wkh ydoxh ri ￿s ghshqgv rq lqvwlwxwlrqdo duudqjhphqwv
dqg lv uhsuhvhqwhg khuh dv d yhfwru surgxfw dfurvv doo ulfh surgxfhuv/ ru
￿s @+ ￿3sV . ￿4sP . ￿5sz, +714,
zkhuh wkh vxp ryhu ￿l 5 ^3>4‘ pxvw htxdo rqh1 Lq wkh frppxqdo v|vwhp/ ￿3 @4
dqg doo rxwsxw zdv vrog wr wkh vwdwh dw d orz dqg frqwuroohg vwdwh sulfh sV= Gxulqj
wkh shulrg ri rxwsxw frqwudfwv/ wkh grphvwlf pdunhw uhpdlqhg wljkwo| uhjxodwhg +zlwk
prvw ri idup rxwsxw vwloo uhtxluhg wr eh vrog wr wkh vwdwh jryhuqphqw dw sV,/ zlwk
dssur{lpdwh vkduh ydoxhv ri ￿3 @3 =; dqg ￿4 @3 =5> dqg d qhz +doehlw uhvwulfwhg,
grphvwlf pdunhw sulfh sP= Zlwk wkh shulrg ri wudgh olehudol}dwlrq/ wkh vwdwh pdunhw
zdv derolvkhg/ frqwurov zhuh uhpryhg iurp wkh grphvwlf pdunhw dqg lqwhuqdwlrqdo
wudgh zdv shuplwwhg1 Ulfh rxwsxw zdv doorfdwhg ehwzhhq grphvwlf dqg zruog pdunhwv
dw kljkhu sulfhv/ zlwk wkh gl￿huhqwldo ehwzhhq grphvwlf pdunhw sulfhv dqg wkh h{sruw
sulfh sz ehfrplqj lqfuhdvlqjo| vpdoohu147 Dv wkh uhirup surfhvv surfhhgv/ lq rwkhu
zrugv/ wkh vkduh ri rxwsxw wr wkh vwdwh idoov wr }hur/ wkh vkduh jrlqj wr wkh grphvwlf
pdunhw lqlwldoo| lqfuhdvhv dqg wkhq vwduwv wr idoo dv rxwsxw lv h{sruwhg1 Dv d zkroh/
wkh surfhvv gluhfwv rxwsxw wrzdug pdunhwv zkhuh sulfh lv kljkhu dqg wkh ydoxh ri ￿s
ryhu wlph uh hfwv wklv idfw +vhh Wdeoh 5 dw wkh hqg ri wkh sdshu,1
Wkh dfwxdo phdvxuh ri s xvhg wr frqvwuxfw Wdeoh 5 lv wkh uhdo ydoxh ri wkh dyhudjh
sulfh iru ulfh lq Ylhwqdp lq whupv ri d frqvwdqw ydoxh ri wkh X1V1 groodu148 Wkh ydoxh
ri p @ Z+z,@￿s/ ru wkh udwlr ri dyhudjh lqsxw wr rxwsxw sulfhv/ lv frqvwuxfwhg e|
47Vlqfh Ylhwqdp lv fxuuhqwo| d qdwxudo h{sruwhu ri djulfxowxudo jrrgv/ lwv h{sruw sulfh zloo h{fhhg lwv
grphvwlf pdunhw sulfh xqghu dxwdun| zlwk iuhh lqwhuqdo wudgh/ zklfk lq wxuq zloo h{fhhg lwv grphvwlf
sulfh xqghu wljkwo| uhjxodwhg grphvwlf pdunhwv1 Doo sulfhv duh kljkhu wkdq wkh vwdwh0frqwuroohg sulfh1
48Dffruglqjo|/ wkh uhohydqw gh dwru iru qR lv wkh udwlr Grqj2’XV/ zklfk lv lq olqh zlwk wkh kljk
fruuhodwlrq ehwzhhq wkh Ylhwqdphvh lq dwlrq udwh dqg wkh ydoxh ri Grqj2’XV uhsruwhg e| wkh Zruog
Edqn +4<<7=9:￿9;,1 Wkh xvh ri d X1V1 groodu vwdqgdug +frpprqo| hpsor|hg e| wkh Ylhwqdphvh
44phdvxulqj wkh uhdo ydoxh +lq X1V1 grooduv, ri lqsxw sulfhv lq whupv ri ulfh xqlwv1 Wkh
uhvxowlqj ydoxhv ri +4 ￿ f3p,> iurp htxdwlrq +518, deryh/ duh uhsruwhg lq wkh ￿uvw
froxpq ri Wdeoh 51 Zlwk ￿s dqg +4 ￿ f3p,/ ydoxhv ri ￿/ ru dyhudjh shu xqlw sur￿wv/
jlyhq e| htxdwlrq +519,/ fdq eh fdofxodwhg1 Wkh uhvxowv duh olvwhg lq wkh odvw froxpq
ri Wdeoh 51 Wkh hphujlqj sur￿wv vwru| krogv1 Wkh ydoxh ri ￿ jhqhudoo| ulvhv zlwk wkh
prvw vxevwdqwldo jdlqv rffxuulqj gxulqj wkh shulrg iurp 4<;;￿4<<4/ ru wkh ￿uvw irxu
|hduv ri wkh shulrg ri wudgh olehudol}dwlrq1
Wkh lqsxw vkduh sdudphwhuv +￿l, lq htxdwlrq +5153, duh hvwlpdwhg rq furvv0vhfwlrqdo
gdwd ryhu idupv lq wkh ￿iw|0wkuhh surylqfhv ri Ylhwqdp iru wkh |hdu 4<<7/ zlwk ydoxhv
￿4 @3 =5>￿ 5 @3 =7/ ￿6 @3 =7> dqg ￿7 @3 =4149 Iroorzlqj PdfPloodq/ Zkdooh| dqg
]kx +4<;<,/ wkh h￿ruw0glvxwlolw| frh!flhqw ru } fdq eh fdofxodwhg gluhfwo| iurp +5154,/
e| qrwlqj wkdw wkh udwlr ri wkh sursruwlrqdo udwhv ri fkdqjh ri D+￿, wr ￿ lv vlpso|
￿4@+}￿￿4,= Rq wkh edvlv ri ydoxhv iru a D dqg a ￿ rq wuldov ryhu vxffhvvlyh sdluv ri gdwhv/
dqg vroylqj vlpxowdqhrxvo|/ wkh phdvxuh ri } udqjhv ehwzhhq 51; dqg 615/ zlwk } @6
wkh prvw frpprq1 Ilqdoo|/ jlyhq wkh whfkqlfdo uhodwlrqvkls +vhh vhfwlrq 516 deryh, wkdw
h{lvwv ehwzhhq +514, dqg +5153,/ wkh ydoxhv ri hdfk ￿/ djdlq vroylqj vlpxowdqhrxvo|/ duh
qrz ￿4 @3 =6>￿ 5 @3 =68>￿ 6 @3 =68> dqg ￿7 @3 =4=4: Wkh ydoxh ri ￿ lv vhw dw ￿ @3 =8>
wkh udwh ri ghsuhfldwlrq lv ￿ @3 =348> dqg wkh vxemhfwlyh udwh ri wlph suhihuhqfh lv
￿ @3 =34=4;
shrsoh wkhpvhoyhv, lv gxh wr grphvwlf sulfh lqvwdelolw| dqg +hvshfldoo|, wkh riwhq xquholdeoh cr!fldo*
hvwlpdwhv ri wkh udwh ri lq dwlrq e| jryhuqphqw djhqflhv1 Iru pxfk ri wkh shulrg lq txhvwlrq wkh
Ylhwqdphvh dxwkrulwlhv vwloo uhjudghg lq dwlrq dv d cfdslwdolvw skhqrphrq*/ dqg lwv phdvxuhphqw
jhqhudwhg olwwoh lqwhuhvw dqg zdv riwhq srruo| frqvwuxfwhg1
49Vhh Fkh +4<<:, dqg Fkh dqg Yrxvghq +4<<<, iru ixuwkhu ghwdlov1 Wkh vkduh sdudphwhu frh!flhqwv
vxp wr vljkwo| pruh wkdq rqh/ exw d Zdog0whvw lqglfdwhv wkdw wkh k|srwkhvlv ri frqvwdqw uhwxuqv wr
vfdoh fdq qrw eh uhmhfwhg dw wkh ￿yh shufhqw ohyho1 Wkh dvvxpswlrq ri frqvwdqw uhwxuqv wr vfdoh lq
+5153, lv dovr frqvlvwhqw zlwk wkh suhydlolqj hpslulfdo olwhudwxuh rq djjuhjdwh djulfxowxudo surgxfwlrq
ixqfwlrqv1 Iru h{dpsoh/ vhh Kd|dpl dqg Uxwwdq +4<;8, iru frpsdudeoh hvwlpdwhv iru wzhqw|0wzr
ghyhorslqj frxqwulhv dqg Wdqj +4<;3, iru Fklqd1 Jlyhq wkh olplwhg qxpehu ri |hduv lq wkh gdwd
vhw/ wlph0vhulhv hvwlpdwhv ri hdfk ￿ duh xquholdeoh1 Dv vxfk/ lw lv dvvxphg wkdw wkhvh ydoxhv duh
frqvwdqw wkurxjkrxw wkh surfhvv ri pdunhw uhirup/ d idfw wkdw edvlfdoo| fruuhvsrqgv wr frpprq
revhuydwlrq1 Jlyhq wkh forvhg qdwxuh ri wkh Ylhwqdphvh vrflhw| dqg wkh odfn ri uhvrxufhv qhfhvvdu|
wr sxufkdvh vxfk wklqjv dv qhz k|eulg vhhgv iru ulfh/ lw lv jhqhudoo| xqghuvwrrg wkdw wkhuh zdv olwwoh
whfkqrorjlfdo fkdqjh wkurxjkrxw wklv shulrg +4<:9￿<7, dqg qrwklqj forvh wr wkh cjuhhq uhyroxwlrq*
wkdw fkdudfwhul}hv rwkhu wudqvlwlrqdo hfrqrplhv/ vdyh iru d ihz h{shulphqwdo idupv lq Ylhwqdp1 Zdwhu
xvh dqg luuljdwlrq phwkrgv dovr uhpdlqhg uhodwlyho| xqfkdqjhg1









e lq htxdwlrq +516, lv wkxv Sf ’￿ ￿￿￿kf1
4;Wkh suhflvh ydoxh ri j iru wkh fdvh ri Ylhwqdp lv dq rshq hpslulfdo lvvxh/ dqg zruwk ixuwkhu vwxg|1
Iru ghyhorshg hfrqrplhv wkh hvwlpdwhv ri j ydu| frqvlghudeo| dqg riwhq ghshqg rq sulru hvwlpdwhv
+dqg eholhiv, uhjduglqj krz eurdg wkh gh￿qlwlrq ri fdslwdo vkrxog eh1 Iru h{dpsoh/ frpsduh Eduur
dqg Vdod0l0Pduwlq +4<<8,/ Kdoo +4<;;, dqg Vxpphuv +4<;5,1 D uhodwlyho| orz ydoxh ri j lpsolhv wkdw
wkh uhsuhvhqwdwlyh iduphu lv pruh zloolqj wr srvwsrqh frqvxpswlrq lq uhvsrqvh wr kljkhu udwhv ri
uhwxuqv/ dqg wklv vhhpv wr dffrug zlwk wkh h{shulhqfh ri Ylhwqdp1 Hyhq wkrxjk wkh hfrqrp| lv
vwloo uhodwlyho| srru +exw jurzlqj,/ hvwlpdwhv ri vdylqjv udwhv duh h{wuhpho| kljk dqg hvshfldoo| vr
uhodwlyh wr wkh ohyho ri lqfrph1 D ydoxh iru j￿￿ lpsolhv wkdw wkh jurzwk udwh dorqj d wudqvlwlrqdo
sdwk +vhh htxdwlrq 61;, lv odujhu iru wkh prgho zlwk dq h￿ruw yduldeoh wkdq zlwkrxw/ dqg wklv vhhpv
d uhdvrqdeoh fkdudfwhul}dwlrq jlyhq wkh odujh lqfuhdvhv lq wkh fdslwdo vwrfn/ hvshfldoo| gxulqj wkh
shulrg ri wudgh olehudol}dwlrq +vhh Wdeoh 4,1 Wkh uhvwulfwlrq wkdw j:k e lv jhqhudoo| ylhzhg dv
sdxvleoh +h1j1/ Eduur dqg Vdod0l0Pduwlq +4<<8=:9￿;5,, dqg lpsolhv/ hyhq wkrxjk wkh jurzwk udwh
dorqj d wudqvlwlrqdo sdwk pd| eh kljk/ wkdw wkh udwlr ri S*& zloo idoo ryhu wlph1 Wlph0vhulhv gdwd rq
wkh udwlr ri frqvxpswlrq wr wkh fdslwdo vwrfn zrxog wkxv r￿hu dq lqgluhfw whvw ri wkh uhodwlrqvkls
ehwzhhq j dqg ke￿ Dv qrwhg deryh/ wkh csryhuw| wuds* prgho lqglfdwhv wkdw wkh ydoxh ri j pd| eh
yhu| kljk/ exw rqo| sduwlfxoduo| vr xqghu wkh frppxqdo v|vwhp/ zkhuh ohyhov ri frqvxpswlrq dsshdu
wr eh yhu| orz li qrw dw vxevlvwhqfh1 Dv frqvxpswlrq ulvhv/ zlwk wudgh uhirup/ wklv ydoxh zloo idoo
frqvlghudeo|1 Ilqdoo|/ uhfdoo/ dv dovr qrwhg deryh/ wkdw lq wkh hpslulfdo uhvxowv wr iroorz yduldwlrqv lq
j lq whupv ri wkh phdvxuh ri wkh udwh ri jurzwk lq ulfh rxwsxw dqg wkh g|qdplf jdlqv wr wudgh pdwwhu/
457161 Hpslulfdo uhvxowv
Edvhg rq wkh hfrqrphwulf hvwlpdwhv ri wkh vkduh sdudphwhuv lq wkh surgxfwlrq ixqf0
wlrq/ wkh phdvxuh ri lqsxwv/ ulfh rxwsxw dqg ￿> dqg wkh fdofxodwhg ydoxh ri wkh fr0
h!flhqw }> wkh prgho ri vhfwlrq 5 lv qrz xvhg wr dffrxqw iru wkh dfwxdo gdwd1 Ri
sduwlfxodu lqwhuhvw lv wkh lqgxfhg fdslwdo dffxpxodwlrq h￿hfw dqg wkh ydoxhv ri wkh
vwdwlf dqg g|qdplf jdlqv iurp pdunhw uhirup1
716141 D olqhdu dssur{lpdwlrq
Ehjlq e| vhwwlqj dvlgh/ iru wkh prphqw/ wkh phdvxuh ri vwdwlf dqg g|qdplf jdlqv jlyhq
e| htxdwlrq +515:,1 Wkh lghd lv wr rewdlq d ydoxh iru wkh fkdqjhv lq wkh fdslwdo vwrfn
dqg ulfh rxwsxw jlyhq pdunhw uhirup/ ru d fkdqjh lq ￿> dqg wr ￿qg dq lpsolhg dqqxdo
udwh ri jurzwk lq ulfh rxwsxw ehwzhhq vwhdg| vwdwhv1 Wr idflolwdwh wkh hvwlpdwlrq qrwh
￿uvw/ iurp htxdwlrq +514;,/ wkdw wkh vwhdg|0vwdwh ydoxh ri wkh fdslwdo0oderxu udwlr iurp
r q hv w d j hr ip d u n h wu h i r u pm wr wkh qh{w lv d vlpsoh pxowlsoh/ ghshqglqj rq ￿ dqg







zkhuh nF lv wkh phdvxuh ri wkh fdslwdo0oderxu udwlr lq wkh frppxqdo v|vwhp/ dv dq
dulwkphwlf dyhudjh ri wkh revhuyhg ydoxhv iru wkh |hduv 4<:9￿;31 Wkh ydoxh ri ￿ lv
wdnhq dv wkh odvw revhuyhg ydoxh ri shu0xqlw sur￿wv lq hdfk vwdjh ru/ iru h{dpsoh/ lwv
revhuyhg ydoxh lq 4<;: iru wkh shulrg ri rxwsxw frqwudfwv1 Lw lv lpsolflwo| dvvxphg
wkdw li d jlyhq vwdjh ri olehudol}dwlrq zhuh wr frqwlqxh/ zlwkrxw ixuwkhu pdunhw uhirup/
wkdw ￿ zrxog uhpdlq urxjko| xqfkdqjhg xqwlo d vwhdg| vwdwh lv uhdfkhg1 Wkh uhvxowlqj
hvwlpdwhv iru vwhdg|0vwdwh ydoxhv ri wkh fdslwdo vwrfn duh jlyhq lq wkh ￿uvw froxpq ri
Wdeoh 6 ehorz14<
Wkh qh{w vwhs lv wr fdofxodwh wkh ohqjwk ri wlph uhtxluhg wr uhdfk d forvh ylflqlw|
ri wkh vwhdg| vwdwh/ iru d fdofxodwhg ydoxh ri wkh vshhg ri frqyhujhqfh1 Wklv lv grqh
lq wkh xvxdo zd| e| wdnlqj d orj0olqhdu dssur{lpdwlrq wr htxdwlrqv +5148, dqg +5149,
durxqg vwhdg|0vwdwh ydoxhv lq rughu wr jhqhudwh qxphulfdo vroxwlrqv ri wkh dssur{lpdwh
qrq0olqhdu v|vwhp153 Wkh uhvxowlqj wlph sdwk iru fdslwdo lv jlyhq e|
N+w,@dh￿3=44w . N￿ +716,
zkhuh N￿ lv wkh vwhdg|0vwdwh ydoxh ri wkh fdslwdo vwrfn iru d jlyhq vl}h ri wkh oderxu
irufh dqg d lv d frqvwdqw1
Krzhyhu/ wkh ydoxh ri N￿ dovr ghshqgv rq wkh sdudphwhu ￿ zklfk ydulhv dfurvv
gl￿huhqw shulrgv ri wudgh olehudol}dwlrq/ vr lw lv qhfhvvdu| wr ghulyh wkh wlph sdwk ri
fdslwdo dqg wkh frqyhujhqfh wlph iru hdfk vwdjh ri pdunhw uhirup vhsdudwho|1 Iru wkh
shulrg ri rxwsxw frqwudfwv/ wkh ydoxh ri d lq htxdwlrq +716,/ vhwwlqj w @3 > lv vlpso|
N+3,￿N￿
rf @ ￿<5=;/i r uN+3, wkh ydoxh ri wkh fdslwdo vwrfn iru wkh frppxqdo v|vwhp
exw duh uhodwlyho| lqvljql￿fdqw1 Dv orqj dv j lv qrq0qhjdwlyh g|qdplf jdlqv iurp pdunhw uhirup zloo
eh vxevwdqwldo1
4<Wkh udwlr ri ￿￿*￿S lv dssur{lpdwho| 4176 iurp wkh frppxqdo v|vwhp wr rxwsxw frqwudfwv dqg
613: iurp wkh frppxqdo v|vwhp wr wkh shulrg ri wudgh olehudol}dwlrq1 Vhh Wdeoh 51 Wkh ydoxh ri
wkh fdslwdo vwrfn iru wkh frppxqdo v|vwhp lq Wdeoh 6 lv wkh dfwxdo ydoxh/ dyhudjhg ryhu wkh |hduv
4<:9￿4<;31
53Vhh wkh dsshqgl{ ehorz iru whfkqlfdo ghwdlov1
46+vhh Wdeoh 6, dqg N￿
rf lwv ydoxh xqghu rxwsxw frqwudfwv1 Wkh frpsdudeoh h{suhvvlrq
iru wkh shulrg ri wudgh olehudol}dwlrq lv ￿ N+3, ￿ N￿
wo @ ￿669=4> zkhuh ￿ N+3, lv qrz wkh
ydoxh ri wkh fdslwdo vwrfn lq wkh odvw |hdu ri rxwsxw frqwudfwv +4<;:,/ mxvw sulru wr wkh
vkliw lq uhjlphv/ dqg N￿
wo lv wkh fdslwdo vwrfn lq wkh shulrg ri wudgh olehudol}dwlrq1 Wkh
uhohydqw wlph sdwkv duh qrz
Nrf+w,@￿<5=;h￿3=44w .6 6 ; =6 +717,
dqg
Nwo+w,@￿669=4￿3=44w .9 : 7 =7 +718,
zlwk dq hvwlpdwhg wlph ri frqyhujhqfh +wr dw ohdvw <<( ri wkh vwhdg|0vwdwh ydoxh, ri
57 |hduv iru rxwsxw frqwudfwv dqg 66 |hduv iru wkh shulrg ri wudgh olehudol}dwlrq/ dv
uhsruwhg lq wkh vhfrqg froxpq ri Wdeoh 61
Wdeoh 6= Vwhdg|0Vwdwh Ydoxhv iru N dqg T
Shulrgv Fdslwdo \hduv Ulfh Rxwsxw Jurzwk Udwh
Frppxqdo V|vwhp 57818 4843519
Rxwsxw Frqwudfwv 66;16 57 4;:7418 416
Wudgh Olehudol}dwlrq 9:717 66 7:74:1< 518
Wkh ￿qdo vwhs lq wkh dujxphqw lv wr ￿qg wkh suhglfwhg ydoxhv ri ulfh rxwsxw lq hdfk
vwdjh ri pdunhw uhirup/ dv li wkdw vwdjh frqwlqxhg wr d vwhdg|0vwdwh ydoxh1 Iurp wklv/
lpsolhg dqqxdo udwhv ri jurzwk lq ulfh rxwsxw fdq eh rewdlqhg1 Xvlqj doo sdudphwhu
ydoxhv/ revhuyhg yduldeohv/ dqg wkh ydoxhv ri wkh fdslwdo vwrfn lq Wdeoh 6/ htxdwlrq
+5153, fdq eh dssur{lpdwhg iru wkh ohyho ri ulfh rxwsxw/ dvvxplqj jurzwk udwhv lq doo
lqsxwv dqg WIS iurp rqh vwhdg|0vwdwh wr wkh qh{w1 Vlqfh/ lq jhqhudo/ wkh frqfhuq lv
zlwk ohyho h￿hfwv dqg wkh uhvxowlqj jurzwk sdwk/ htxdwlrq +5154, qrz ehfrphv
D+￿,@￿3+￿￿3￿￿4,￿4@￿
￿




xvlqj +5143, dqg +514:,/ dqg htxdwlrq +5153, lv wkxv dssursuldwho| uhgh￿qhg dv dq
rswlpdo lqwhuwhpsrudo surgxfwlrq ixqfwlrq1
Iru wkh shulrg ri rxwsxw frqwudfwv +4<;4￿;:,/ wkh dydlodeoh gdwd hqgv lq 4<;: exw
wkh ohqjwk ri wlph wr frqyhujhqfh lv hvwlpdwhg wr eh 57 |hduv1 Wr nhhs wklqjv vlpsoh/
dvvxph wkdw wkh udwh ri jurzwk lq oderxu dqg pdwhuldo lqsxwv diwhu 4<;: lv vlpso| wkh
dyhudjh jurzwk udwh ri erwk yduldeohv ryhu wkh shulrg 4<;4￿;: +vhh Wdeoh 4,/ ru 315 dqg
51< shu fhqw1 Wkh udwh ri jurzwk ri odqg lv vhw htxdo wr }hur/ zklfk urxjko| frqirupv
wr wkh gdwd wkurxjkrxw154 Wkh jurzwk udwh ri D+￿,> krzhyhu/ lv pruh frpsolfdwhg
vlqfh lw ghshqgv gluhfwo| rq wkh h￿hfwv ri pdunhw uhirup ru ￿1 Wr pdnh d fohdu srlqw/
irfxv rq wkh fdvh zkhuh wkh dvvxphg udwh ri jurzwk ri D+￿, lv }hur diwhu 4<;:1 Li
vr/ wkh uhpdlqlqj phdvxuh ri wkh fkdqjh lq ulfh rxwsxw lq whupv ri d fkdqjh lq wkh
fdslwdo frpsrqhqw lv gxh vlpso| wr lqgxfhg fdslwdo dffxpxodwlrq iurp d fkdqjh lq ￿=
Lq rwkhu zrugv/ zlwk revhuyhg ydoxhv lq 4<;: dqg d }hur udwh ri jurzwk lq D+￿, iru
vxevhtxhqw |hduv/ wkh uhvxowlqj jurzwk sdwk gxh wr dq lqfuhdvh lq ￿>jlyhq e| htxdwlrq
54Lq 4<<6 wkh Ylhwqdphvh jryhuqphqw lq idfw lqwurgxfhg d uhjxodwlrq edqqlqj wkh frqyhuvlrq ri
ulfh odqg wr rwkhu xvhv1 Vhh Fkh/ Nrpsdv dqg Yrxvghq +4<<;, iru d ixuwkhu glvfxvvlrq1
47+5149,/ uhvxowv rqo| lq g|qdplf jdlqv iurp pdunhw uhirup/ ru wkh vhfrqg whup rq wkh
uljkw0kdqg vlgh ri htxdwlrq +515:,155
Jlyhq wkh revhuyhg ydoxhv ri ulfh rxwsxw/ fdslwdo/ oderxu/ pdwhuldo lqsxwv +vhh
Wdeoh 8, dqg wrwdo idfwru surgxfwlylw| lq 4<;:/ xvlqj +719,/ wkh dvvxphg ydoxhv iru
udwhv ri jurzwk ryhu wkh uhpdlqlqj vhyhqwhhq |hduv iru doo yduldeohv dqg wkh suhglfwhg
ydoxh ri wkh vwhdg|0vwdwh fdslwdo vwrfn iru wkh shulrg ri rxwsxw frqwudfwv +vhh Wdeoh
6,/ htxdwlrq +5153, jlyhv d hvwlpdwhg ydoxh ri ulfh rxwsxw ri 4;/:7418 wkrxvdqg wrqv1
Wkh lpsolhg dqqxdo udwh ri jurzwk +dv d ￿wwhg ydoxh ri wkh h{srqhqwldo jurzwk udwh,
iurp wkh revhuyhg ydoxh ri ulfh rxwsxw lq 4<;: wr lwv hvwlpdwhg vwhdg|0vwdwh ydoxh +lq
|hdu 5337, lv 416 shu fhqw shu dqqxp1 Doo uhvxowv duh uhsruwhg lq Wdeoh 61
D vlplodu surfhgxuh lv dgrswhg iru wkh shulrg ri wudgh olehudol}dwlrq +4<;;0<7,1 Wkh
ohqjwk ri wlph iru frqyhujhqfh lv qrz 66 |hduv dqg wkh dvvxphg dyhudjh dqqxdo jurzwk
udwhv iru oderxu dqg pdwhuldo lqsxwv diwhu 4<<7 duh 416 dqg 819 shu fhqw1 Fxuuhqw ohyhov
ri ulfh rxwsxw/ doo lqsxwv dqg wrwdo idfwru surgxfwlylw| lq 4<<7 duh wdnhq dv wkh edvh1
Wkh suhglfwhg vwhdg|0vwdwh ydoxh iru fdslwdo lv gudzq iurp Wdeoh 6 dqg wkh udwh ri
jurzwk ri D+￿, lv djdlq dvvxphg wr eh }hur diwhu 4<<71 Xvlqj htxdwlrq +5153,/ dv
deryh/ wkh hvwlpdwhg ydoxh ri ulfh rxwsxw +lq |hdu 5356, lv 7:/74:1< wkrxvdqg wrqv dqg
wkh lpsolhg udwh ri jurzwk lv 518 shu fhqw shu dqqxp1
Wkh uhvxowv duh fohdu1 Dv Wdeoh 6 vkrzv/ li d jlyhq shulrg ri pdunhw uhirup zdv
doorzhg wr shuvlvw lqgh￿qlwho| wr lwv qhz vwhdg|0vwdwh ydoxh/ wkh suhglfwhg h￿hfw rq wkh
ohyho ri ulfh rxwsxw dqg lwv udwh ri jurzwk lv vxevwdqwldo/ hyhq zlwk dq dvvxphg }hur
udwh ri jurzwk lq WIS lq hdfk shulrg ri uhirup156 Pruhryhu/ wkh pruh h{whqvlyh lv
wkh ghjuhh ri pdunhw uhirup wkh odujhu wkh h￿hfwv1 Wkh suhglfwhg ydoxh ri ulfh rxwsxw
xqghu wkh wudgh olehudol}dwlrq uhjlph lv pruh wkdq 518 wlphv odujhu wkdq wkdw ri rxwsxw
frqwudfwv dqg pruh wkdq 6 wlphv odujhu wkdq wkh dfwxdo ydoxh ri ulfh rxwsxw +dyhudjhg
ryhu 4<:9￿;3, lq wkh frppxqdo v|vwhp1 Dyhudjh dqqxdo jurzwk udwhv ryhu wkh lpsolhg
sdwk wr d vwhdg| vwdwh doprvw grxeoh ehwzhhq wkh shulrg ri rxwsxw frqwudfwv dqg wudgh
olehudol}dwlrq1 Lq idfw/ wkh prgho suhglfwv wkdw +urxjko|, 4;1: ploolrq wrqv ri ulfh zloo
eh surgxfhg lq |hdu 5337 xqghu wkh rxwsxw frqwudfwv uhjlph/ exw wkdw wdujhw/ zlwk wkh
hqkdqfhg lqfhqwlyhv jlyhq e| wkh shulrg ri wudgh olehudol}dwlrq/ zdv dfwxdoo| vxusdvvhg
+vhh Wdeoh 8, lq 4<;<1
55Dq dowhuqdwlyh surfhgxuh lv wr dvvxph wkdw wkh jurzwk udwh lq ￿E￿￿ ryhu wkh |hduv iurp 4<;:
iruzdug lv mxvw lwv dyhudjh udwh ri jurzwk iru revhuyhg ydoxhv iurp 4<;4￿;:/ ru 61; shu fhqw1 Htxdwlrq
+719, zrxog wkxv qhhg wr eh dssolhg gluhfwo| ryhu wklv shulrg dqg wkh ￿qdo lpsolhg udwhv ri jurzwk
lq ulfh rxwsxw zrxog ri frxuvh eh pxfk odujhu1 Lq dq| fdvh/ vhwwlqj wkh jurzwk udwh ri ￿E￿￿ htxdo
wr }hur iru shulrgv diwhu 4<;: qrw rqo| lvrodwhv wkh lqgxfhg fdslwdo dffxpxodwlrq h￿hfw/ zklfk lv
wkh lghd/ exw lw dovr eurdgo| frqirupv wr revhuyhg gdwd1 Wdeoh 5 vkrzv wkdw prvw ri wkh lpsdfw ri
wudgh olehudol}dwlrq/ lq whupv ri fkdqjhv lq ￿c rffxuv lq wkh ￿uvw irxu ru ￿yh |hduv ri d qhz wudgh
uhjlph1 Li vr/ xvlqj dq revhuyhg ydoxh ri ￿E￿￿ lq 4<;: +ru 4<<7 iru wkh wudgh olehudol}dwlrq shulrg,/
dqg d }hur jurzwk udwh wkhuhdiwhu/ douhdg| fdswxuhv wkh exon ri wkh vwdwlf jdlqv iurp pdunhw uhirup
lq wklv shulrg1 Lq dgglwlrq/ vhwwlqj wkh jurzwk udwh ri ￿E￿￿ htxdo wr }hur diwhu 4<;: +ru 4<<7, lv/ ri
frxuvh/ dovr frqvlvwhqw zlwk wkh pdqqhu lq zklfk suhglfwhg vwhdg|0vwdwh ydoxhv ri wkh fdslwdo vwrfn
duh ghwhuplqhg iru wkh shulrg ri rxwsxw frqwudfwv dqg wudgh olehudol}dwlrq/ dv jlyhq lq Wdeoh 61
56Wkh dfwxdo jurzwk udwhv iru ulfh rxwsxw ryhu wkh pxfk vkruwhu exw revhuyhg wlph lqwhuydov/ ru
wkh shulrgv 4<;4￿;: dqg 4<;;￿4<<7/ zlwk fkdqjhv lq ￿E￿￿c zhuh ri frxuvh pxfk odujhu1 Vhh Wdeoh 41
48716151 Wkh phdvxuh ri vwdwlf dqg g|qdplf jdlqv iurp pdunhw uhirup

















frq￿upv wkh uhvxowv ri wkh olqhdu dssur{lpdwlrq/ zlwk wkh dgglwlrqdo ehqh￿w wkdw rqo|
revhuyhg gdwd qhhg eh xvhg +zlwk wkh h{fhswlrq ri ￿, dqg d fohdu ghfrpsrvlwlrq
ehwzhhq vwdwlf dqg g|qdplf jdlqv irup pdunhw uhirup lv rewdlqhg1 Qrwh ￿uvw wkdw
iru ydoxhv ri ￿4 @3 =6>}@6 >￿ 7 @3 =4 dqg ￿ @3 =8/ wkh ￿uvw whup lq eudfnhwv lv
3=444 dqg wkh vhfrqg lv 3=4371 Lq rwkhu zrugv/ iru d jlyhq a ￿> wkh g|qdplf jdlq iurp
pdunhw uhirup lv voljkwo| ohvv wkdq wkh vwdwlf h￿hfw157 Lw lv dovr fohdu wkdw wkh vwdwlf
jdlq lv pxfk pruh vhqvlwlyh wr fkdqjhv lq } wkdq lv wkh g|qdplf jdlq/ dqg iru jrrg
uhdvrq1 Uhfdoo wkdw } +zklfk ￿jxuhv surplqhqwo| lq wkh ￿uvw whup rq wkh uljkw0kdqg
vlgh ri +71<,,/ lv wkh zrun0glvxwlolw| frh!flhqw iru h￿ruw1 Dv glvfxvvhg deryh +vhh
vhfwlrq 6,/ dq lqfuhdvh lq } lpsolhv wkdw zrun lv pruh cglvdjuhhdeoh*1 Wkh phdvxuhg
ydoxh ri WIS ru D+￿, lq htxdwlrq +5154, dqg wkxv vwdwlf jdlqv iurp uhirup zloo erwk
eh orzhu158 Yduldwlrqv lq ￿ vkrz wkdw wkh g|qdplf h￿hfw ydulhv/ exw wr d vpdoo h{whqw1
Iru yduldwlrqv lq } lw grhv qrw ydu| +yluwxdoo|, dw doo159
Wkh uhvw lv vlpsoh1 Uhfdoo wkdw lqfuhdvhv lq ￿> ru kljkhu dyhudjh shu xqlw sur￿wv/
uhvxow lq dq lqfuhdvh lq h￿ruw +%, dqg D+￿,1 D kljkhu ydoxh iru %Q lqfuhdvhv wkh
pdujlqdo surgxfw ri fdslwdo ru u+n>￿, dqg wkxv lqgxfhv fdslwdo dffxpxodwlrq1 Zlwk
+5159, dqg +71;,/ wkh jurzwk lq ulfh rxwsxw lv jlyhq e|















Da ￿ . a D3 +71;,
zkhuh djdlq d flufxp h{ uhsuhvhqwv d shufhqwdjh fkdqjh dqg D3 lv qrz wkh dgmxvwhg
ydoxh ri wkh Vrorz uhvlgxdo1 Lq rwkhu zrugv/ wkh jurzwk lq ulfh rxwsxw qrz ghshqgv rq
wkh jurzwk ri oderxu/ odqg dqg pdwhuldo lqsxwv/ dgmxvwlqj hdfk e| d vkduh sdudphwhu
ru wkh uhohydqw ￿> vwdwlf dqg g|qdplf jdlqv iurp pdunhw uhirup dqg wkh jurzwk lq wkh
Vrorz uhvlgxdo1
Wkh jurzwk lq T/ Q> O> dqg H lv wdnhq iurp revhuyhg ydoxhv lq Wdeoh 7 dqg wkh
ydoxh ri a ￿ lv gudzq iurp Wdeoh 51 Zlwk sdudphwhu ydoxhv/ wkh phdvxuh ri vwdwlf dqg
g|qdplf jdlqv +dorqj zlwk doo rwkhu phdvxuhv, lv uhsruwhg lq Wdeoh 71 Iru wkh shulrg
ri rxwsxw frqwudfwv +4<;4￿;:,/ wkh ydoxhv duh 31; dqg 31: shu fhqw +rq dyhudjh, shu
dqqxp/ dqg iru wkh wudgh olehudol}dwlrq shulrg/ 516 dqg 514 shu fhqw +rq dyhudjh,
57Qrwh wkdw wklv lv frqvlvwhqw zlwk wkh dujxphqw lq Edogzlq +4<<5,/ dw ohdvw lq whupv ri zhoiduh
h￿hfwv/ zkhuh lw lv fodlphg wkdw g|qdplf h￿hfw vkrxog eh vrph iudfwlrq ri wkh vwdwlf jdlq1 Lq rwkhu
zrugv/ lq Edogzlq +4<<5=4:5,/ wkh vwdwlf jdlq lv vhhq dv odujho| ￿iru iuhh￿/ zkhuhdv wkh g|qdplf jdlq lv
r￿vhw e| wkh irujrqh frqvxpswlrq +dqg d frqvhtxhqw orvv lq zhoiduh, qhfhvvdu| wr dffxpxodwh fdslwdo1
Krzhyhu/ lq wkh prgho ri vhfwlrq 5 deryh/ dq| zhoiduh phdvxuh ri wkh vwdwlf jdlq dovr ghshqgv rq
wkh csdlq* dvvrfldwhg zlwk wkh h{wud h￿ruw wkdw jrhv zlwk dq lqfuhdvh lq ￿￿ Lq wklv vhqvh/ wkh lvvxh lv
pruh frpsolfdwhg1
58Qxphulfdo uhvxowv iru ydoxhv ri 5 dw 519/ 51;/ 615/ 617/ 619 dqg 61; lpso| d pxowlsolhu iru vwdwlf
jdlqv ri 31463/ 31453/ 31436/ 313<:/ 313<4 dqg 313;91
59Qxphulfdo uhvxowv iru ydoxhv ri j ri 315/ 317/ 319/ 31;/ 4/ 415 dqg 417/ lpso| d pxowlsolhu iru g|qdplf
jdlqv ri 3143;/ 31438/ 31436/ 31434/ 313<;/ 313<9 dqg 313<71 Yduldwlrqv lq 5 ri iurp 5 wr 9 lpso| rqo|
fkdqjhv lq wkh g|qdplf jdlqv iurp wudgh iurp 31434 wr 3143;1
49shu dqqxp15: Lq sduwlfxodu/ iru wkh shulrg ri wudgh olehudol}dwlrq/ ri wkh 914 shu
fhqw dyhudjh dqqxdo jurzwk udwh iurp 4<;; wr 4<<7/ 516 dqg 514 shu fhqw duh gxh
wr hqkdqfhg surgxfwlylw| h￿hfwv dqg lqgxfhg fdslwdo dffxpxodwlrq1 Rqfh djdlq/ wkh
pruh h{whqvlyh lv wkh ghjuhh ri pdunhw uhirup wkh odujhu wkh h￿hfwv lq whupv ri wkh
jurzwk ri ulfh rxwsxw1 Wkh phdvxuhv duh urxjko| wkuhh wlphv odujhu iru wkh shulrg
ri wudgh olehudol}dwlrq ryhu rxwsxw frqwudfwv lq hdfk fdvh1 Pdunhw uhirup dqg wkh
hqkdqfhg lqfhqwlyh h￿hfwv wkdw lw jhqhudwhv uhvxowv lq frqvlghudeoh rxwsxw jurzwk1
81 Frqfoxvlrq
Wklv sdshu kdv ghyhorshg d g|qdplf prgho wr dffrxqw iru wkh hqkdqfhg lqfhqwlyh
h￿hfwv wkdw uhvxow iurp pdunhw uhirup1 Wkh h￿ruw yduldeoh ￿jxuhv surplqhqwo| lq wkh
dqdo|vlv1 Pdunhw uhirup dqg wkxv kljkhu dyhudjh shu xqlw sur￿wv jhqhudwh pruh h￿ruw
dqg/ ghshqglqj rq wkh zrun0glvxwlolw| frh!flhqw/ lqfuhdvhv lq wkh phdvxuh ri wrwdo
idfwru surgxfwlylw| ru D+￿,= Lq dgglwlrq/ lqfuhdvhv lq h￿ruw lpso| d kljkhu ydoxh iru
wkh pdujlqdo surgxfw ri fdslwdo dqg wkxv lqgxfhg fdslwdo dffxpxodwlrq1 Uhjdugohvv ri
wkh ydoxh ri ￿ g|qdplf jdlqv iurp uhirup duh vhhq wr eh vxevwdqwldo1 Wkh prgho zdv
wkhq dssolhg wr wkh fdvh ri ulfh surgxfwlrq iru wkh wudqvlwlrqdo hfrqrp| ri Ylhwqdp/
ryhu wkh shulrg 4<:9￿4<<71 Wkh sduwlfxodu irfxv fhqwhuhg rq wzr pdunhw uhirup
uhjlphv/ wkdw ri rxwsxw frqwudfwv +4<;4￿;:, dqg wkh shulrg ri wudgh olehudol}dwlrq
+4<;;￿<7,1 Hpslulfdo uhvxowv zhuh edvhg rq hvwlpdwhv ri doo uhohydqw sdudphwhuv1
Erwk wkh olqhdu dssur{lpdwlrq/ lq whupv ri lpsolhg udwhv ri jurzwk iurp rqh vwdjh ri
uhirup wr wkh qh{w/ dqg wkh phdvxuhv ri vwdwlf dqg g|qdplf jdlqv vkrz frqvlghudeoh
lqfuhdvhv lq vwhdg|0vwdwh ydoxhv ri ulfh rxwsxw/ fdslwdo vwrfnv dqg wudqvlwlrqdo udwhv ri
jurzwk zlwk uhirup1 Pruhryhu/ wkh pruh h{whqvlyh wkh ghjuhh ri pdunhw uhirup wkh
odujhu wkh h￿hfwv1 Doo phdvxuhv iru wkh shulrg ri wudgh olehudol}dwlrq duh vxevwdqwldoo|
kljkhu wkdq wkdw ri rxwsxw frqwudfwv/ vxjjhvwlqj wkdw lqfhqwlyhv dqg pruh frpshwlwlyh
pdunhwv pdwwhu juhdwo|1
Qhyhuwkhohvv/ qrqh ri wkh phdvxuhv lq wklv sdshu vxjjhvw dq|wklqj suhflvh derxw
zhoiduh jdlqv1 Iroorzlqj Edogzlq +4<<5,/ dqg jlyhq wkh vljql￿fdqw fdslwdo pdunhw
glvwruwlrqv wkdw h{lvw lq d wudqvlwlrqdo hfrqrp| olnh Ylhwqdp/ zhoiduh jdlqv duh srwhq0
wldoo| txlwh odujh1 Hvwlpdwlrq ri wkh pdjqlwxgh ri vxfk h￿hfwv zrxog eh d zruwkzkloh
h{whqvlrq ri wklv sdshu1 Xqolnh Edogzlq +4<<5,/ krzhyhu/ dq h{dfw zhoiduh phdvxuh
zloo dovr kdyh wr dffrxqw iru wkh h￿hfwv ri lqfuhdvhg ohyhov ri h￿ruw lq htxdwlrq +51<,1
Wr wklv hqg/ dq hvwlpdwhg ydoxh ri ￿/ ru dq lqgluhfw lqihuhqfh derxw lwv ydoxh uhodwlyh
wr wkh vkduh sdudphwhu frh!flhqw iru fdslwdo/ lq whupv ri wkh yduldwlrq ri f@n dorqj d
wudqvlwlrqdo sdwk/ zrxog dovr eh ghvludeoh1
5:Wkh ydoxhv iru wkh dgmxvwhg Vrorz uhvlgxdo ru ￿f duh qrz +dv h{shfwhg, orzhu ru 315 iru rxwsxw
frqwudfwv dqg dssur{lpdwho| }hur iru wkh shulrg ri wudgh olehudol}dwlrq1
4:Dsshqgl{
Wklv dsshqgl{ surylghv wkh qxphulfdo ydoxhv ri wkh orj0olqhdu dssur{lpdwlrq wr
htxdwlrqv +5148, dqg +5149, xvhg lq vhfwlrq 716141 Jlyhq sdudphwhu ydoxhv/ wkh uhohydqw



























+￿, uhsuhvhqw ￿uvw0rughu yduldwlrqv wr +5148, dqg +5149,1 Xvlqj dfwxdo
dqg suhglfwhg vwhdg|0vwdwh ydoxhv ri fdslwdo vwrfnv lq Wdeoh 6 dqg qrwlqj wkdw f￿@n￿ @





















Wr rewdlq jhqhudo vroxwlrqv/ dgrsw wuldo vroxwlrqv ri wkh irup n+w,@dh￿w dqg f+w,@
eh￿w vr wkdw wkh xqghuo|lqj krprjhqhrxv v|vwhp iru +717, |lhogv wkh fkdudfwhulvwlf
htxdwlrq ￿
5 ￿ 3=34￿ ￿ 3=3 4 6@3dqg wzr urrwv/ ￿4 @ ￿3=44 dqg ￿5 @3 =451 Ilqdoo|/
wudqvyhuvdolw| frqglwlrqv +ru ljqrulqj wkh xqvwdeoh urrw, jlyh d uhvxowlqj wlph sdwk iru
fdslwdo ri
N+w,@dh￿3=44w . N￿ +D6,
ru htxdwlrq +716, lq wkh wh{w1
4;Uhihuhqfhv
Edogzlq/ Ulfkdug/ +4<<5,/ ￿Phdvxudeoh g|qdplf jdlqv iurp wudgh￿/ Mrxuqdo ri
Srolwlfdo Hfrqrp|/ 433= 495￿:41
Eduur/ Urehuw M1 dqg [dylhu Vdod0l0Pduwlq/ +4<<8,/ Hfrqrplf Jurzwk/ Qhz \run=
PfJudz0Kloo1
Fkh/ Wxrqj Qkx/ +4<<:,/ Wkh H￿hfwv ri Lqwhuqdo dqg H{whuqdo Wudgh Olehudolvdwlrq
rq Djulfxowxudo Jurzwk= D Fdvh Vwxg| ri Ylhwqdp/ xqsxeolvkhg Sk1G1 glvvhuwdwlrq/
Dxvwudoldq Qdwlrqdo Xqlyhuvlw|/ Fdqehuud1
Fkh/ Wxrqj Qkx dqg Qhlo Yrxvghq/ +4<<;,/ ￿Olehudolvdwlrq dqg djulfxowxudo sur0
gxfwlylw|= wkh uroh ri lqfhqwlyhv lq Ylhwqdphvh djulfxowxuh￿/ xqsxeolvkhg zrunlqj
sdshu/ Ghsduwphqw ri Hfrqrplfv/ Dxvwudoldq Qdwlrqdo Xqlyhuvlw|/ Fdqehuud1
Fkh/ Wxrqj Qkx/ Wrp Nrpsdv dqg Qhlo Yrxvghq/ +4<<;, ￿Olehudolvdwlrq/ lq0
fhqwlyhv dqg Ylhwqdphvh djulfxowxudo jurzwk￿/ xqsxeolvkhg zrunlqj sdshu +&684,/
Ghsduwphqw ri Hfrqrplfv/ Dxvwudoldq Qdwlrqdo Xqlyhuvlw|/ Fdqehuud1
JVR +Jhqhudo Vwdwlvwlfv R!fh,/ Vwdwlvwlfdo \hduerrn +4<:8￿<7,/ Kdqrl= Vwdwlvwlfdo
Sxeolvklqj Krxvh1
Kdoo/ Urehuw/ +4<;;,/ ￿Lqwhuwhpsrudo vxevwlwxwlrq lq frqvxpswlrq￿/ Mrxuqdo ri
Srolwlfdo Hfrqrp|/ <9/ 66<￿8:1
Kd|dpl/ \xmlur dqg Yhuqrq Z1 Uxwwdq/ +4<;8,/ Djulfxowxudo Ghyhorsphqw= Dq
Lqwhuqdwlrqdo Shuvshfwlyh/ Edowlpruh= Mrkqv Krsnlqv Xqlyhuvlw| Suhvv1
Nlqj/ Urehuw J1 dqg Vhujlr W1 Uhehor/ +4<<6,/ ￿Wudqvlwlrqdo g|qdplfv dqg hfr0
qrplf jurzwk lq wkh qhrfodvvlfdo prgho￿/ Dphulfdq Hfrqrplf Uhylhz/ ;6/ <3;￿641
Nrpsdv/ Wrp/ +4<<<,/ ￿Rq sryhuw| wudsv lq vwdqgdug Udpvh| jurzwk prghov￿/
xqsxeolvkhg zrunlqj sdshu/ xqsxeolvkhg zrunlqj sdshu/ Ghsduwphqw ri Hfrqrplfv/
Dxvwudoldq Qdwlrqdo Xqlyhuvlw|/ Fdqehuud1
PdfUdh/ Mrkq/ +4<::,/ ￿Surgxfwlrq/ glvwulexwlrq dqg hfrqrplf rujdql}dwlrq= lq0
frph glvwulexwlrq dqg uhvrxufh doorfdwlrq dw wkh whdp ohyho lq uxudo Fklqd￿/ Mrxuqdo
ri Ghyhorsphqw Hfrqrplfv/ 7/ 698￿;81
PDIL +Plqlvwu| ri Djulfxowxuh dqg Irrg Lqgxvwulhv,/ Dqqxdo Uhsruwv +4<:8￿<7,/
xqsxeolvkhg/ Kdqrl1
PfPloodq/ Mrkq/ M1 Zkdooh| dqg O1 ]kx/ +4<;<,/ ￿Wkh lpsdfw ri Fklqd*v hfrqrplf
uhirupv rq djulfxowxudo surgxfwlylw| jurzwk￿/ Mrxuqdo ri Srolwlfdo Hfrqrp|/ <:/ :;40
;3:1
Vduho/ Plfkdho/ +4<<7,/ ￿Rq wkh g|qdplfv ri hfrqrplf jurzwk/￿ LPI Zrunlqj
Sdshu/ ZS2<7246;1
VGDII +Vwdwlvwlfv Ghsduwphqw ri Djulfxowxuh/ Iruhvwu| dqg Ilvkhulhv,/ ￿Vwdwlvwlfdo
gdwd iru djulfxowxuh/ iruhvwu| dqg ￿vkhulhv lq Ylhwqdp/ 4<89￿<3￿/ Kdqrl= Vwdwlvwlfdo
Sxeolvklqj Krxvh1
VGDII/ +4<<5,/ ￿Vwdwlvwlfdo gdwd iru djulfxowxuh/ iruhvwu| dqg ￿vkhulhv lq Ylhwqdp/
4<:9￿<4￿/ Kdqrl= Vwdwlvwlfdo Sxeolvklqj Krxvh1
VGDII/ +4<<9d,/ ￿Gdwd froohfwlrq iru wkh ulfh lqgxvwu|￿/ xqsxeolvkhg/ Kdqrl1
VGDII/ +4<<9e,/ ￿Vwdwlvwlfdo gdwd rq wkh edvlf vlwxdwlrq dqg lqiudvwuxfwxuh ri
uxudo uhjlrqv lq Ylhwqdp￿/ Kdqrl= Vwdwlvwlfdo Sxeolvklqj Krxvh1
VGS +Vwdwh Ghsduwphqw ri Sulfh,/ Surmhfw <6￿<;￿4532GW/ +4<<8,/ ￿Wkh pdunhw
dqg sulfh iru ulfh surgxfwlrq lq wkh pdunhw hfrqrp| ri Ylhwqdp￿/ xqsxeolvkhg/ Kdqrl1
Vlfxodu/ Whuu|/ +4<;;,/ ￿Sodq dqg pdunhw lq Fklqd*v djulfxowxudo frpphufh￿/ Mrxu0
qdo ri Srolwlfdo Hfrqrp|/ <9/ 5;6￿63:1
Vlfxodu/ Whuu|/ +4<<8,/ ￿Fklqd*v judlq dqg phdw hfrqrp|= uhfhqw ghyhorsphqwv
dqg lpsolfdwlrqv iru wudgh￿/ Dphulfdq Mrxuqdo ri Djulfxowxudo Hfrqrplfv/9 : 1
4<VSF +Vwdwh Sodqqlqj Frpplwwhh,/ ￿Sulqflsohv ri fkdqjlqj djulfxowxudo vwuxfwxuhv
lq Ylhwqdphvh uxudo duhdv￿/ +4<<8,/ xqsxeolvkhg/ Kdqrl1
VUI +Vwdwlvwlfv iru Ulfh Idupv,/ +4<<7,/ Dqqxdo Uhsruwv +4<;;￿<6,/ Fdqwkr Xql0
yhuvlw|/ xqsxeolvkhg/ Fdqwkr1
Vxpphuv/ Odzuhqfh/ +4<;5,/ ￿Wd{ srolf|/ wkh udwh ri uhwxuq dqg vdylqjv￿/ QEHU
zrunlqj sdshu +&<<8,/ Fdpeulgjh/ Pdvvdfkxvhwwv1
Wdqj/ Dqwkrq| P1/ +4<;3,/ ￿Irrg dqg djulfxowxuh lq Fklqd= wuhqgv dqg suhglf0
wlrqv￿/ lq Irrg Surgxfwlrq lq wkh Shrsoh*v Uhsxeolf ri Fklqd/D q w k r q |P 1W d q jd q g
Euxfh Vwrqh/ hgv1/ Uhvhdufk Uhsruw &48/ Zdvklqjwrq/ GF= Lqwhuqdwlrqdo Irrg Srolf|
Uhvhdufk Lqvwlwxwh11
Zruog Edqn +ZE,/ +4<<7,/ Ylhwqdp= Wrzdug wkh Pdunhw0Rulhqwhg Hfrqrp|/ Wkh
Qdwlrqdo Srolwlfdo Sxeolvklqj Krxvh/ Kdqrl1
Zruog Edqn/ +4<<8,/ Ylhwqdp= Sryhuw| Dvvhvvphqw dqg Vwudwhj|/ Frxqwu| Rshu0
dwlrqv Glylvlrq/ Hdvw Dvld dqg wkh Sdfl￿f Uhjlrq/ Zdvklqjwrq/ GF1
53 Table 2: Growth indexes for prices and t
Year Growth index value for
(1-C0m) b bp t t
1976-80 100.0 100.0 100.0
1981 100.0 113.9 113.9
1982 100.0 118.3 118.3
1983 100.0 122.0 122.0
1984 100.0 125.6 125.6
1985 107.1 121.4 130.1
1986 107.1 127.4 136.5
1987 108.9 130.7 142.4
1988 108.9 158.6 172.8
1989 114.3 177.3 202.6
1990 116.1 194.3 225.5
1991 123.2 232.7 286.7
1992 125.0 212.1 265.1
1993 123.2 213.1 262.6
1994 121.4 253.8 308.2
Source: Computed from the data set constructed by Che (1997).Table 4: Growth indexes for inputs, rice output and static and dynamic gains from trade reform
Growth index value for    (= 100% in the period of the communal system, 1976-80)
Output Labour Land Material Capital Static Gain Dynamic Gain
Inputs From Trade From Trade
1976-80 100.0 100.0 100.0 100.0 100.0 100.0 100.0
1981 112.4 104.0 97.2 100.2 114.5 101.5 101.4
1982 130.3 104.8 96.3 103.9 111.9 102.0 101.9
1983 133.5 103.6 95.3 110.1 111.3 102.4 102.3
1984 140.4 103.9 94.3 111.5 114.4 102.8 102.7
1985 143.7 104.9 92.3 114.3 117.2 104.4 104.2
1986 144.9 103.4 91.3 120.5 128.0 105.2 104.9
1987 136.7 102.8 91.1 118.6 119.0 106.0 105.7
1988 153.9 104.2 88.3 126.9 121.6 109.6 109.1
1989 172.0 105.9 88.3 130.4 121.8 113.0 112.3
1990 174.1 107.0 88.3 134.1 120.8 115.5 114.7
1991 177.7 107.7 88.1 139.6 142.9 122.8 121.5
1992 195.5 111.5 88.1 153.4 170.3 120.2 119.1
1993 206.8 110.4 86.8 160.5 209.7 119.9 118.9
1994 213.0 112.1 86.8 178.7 229.0 125.3 124.0
Average Annual Growth Rate (%)
1981-87 4.6 0.2 -1.3 2.9 2.3 0.80 0.70
1988-94 6.1 1.3 -0.5 5.6 10.6 2.30 2.10
Note:  The annual growth rate is measured as the fitted value of the exponential growth rate.Table 5:  Output and inputs for rice production in Vietnam, 1976-94
Year Rice Labour Land Material Capital
Output Inputs
(thous tons) (thous  work (thous ha) (thous tons (ten thous
days) equivalent) horsepower
equivalent)
1976 11827.2 764.1 4710.0 2137.6 236.7
1977 10597.1 764.2 4709.8 2129.6 243.8
1978 9789.9 782.1 4664.0 2186.7 237.9
1979 11362.9 786.0 4618.1 2127.7 245.2
1980 11647.4 768.6 4572.3 2026.4 263.7
1981 12415.2 803.8 4526.4 2126.3 281.2
1982 14390.2 810.1 4480.5 2203.5 274.7
1983 14743.3 800.5 4434.6 2336.0 273.2
1984 15505.6 803.4 4388.8 2365.8 280.8
1985 15874.8 810.8 4296.5 2425.4 287.7
1986 16002.9 798.9 4250.0 2556.9 314.2
1987 15102.6 794.3 4242.6 2517.2 292.1
1988 17000.0 805.5 4108.9 2693.2 298.6
1989 18996.3 818.9 4108.0 2766.3 299.1
1990 19225.2 827.4 4108.0 2844.4 296.5
1991 19621.9 832.5 4101.0 2962.6 350.7
1992 21590.3 862.1 4100.0 3254.3 418.1
1993 22836.6 853.1 4038.6 3404.4 514.8
1994 23528.3 866.7 4038.6 3790.4 562.2
Sources: General Statistics Office, Statistics Department of Agriculture, Forestry and Fishery,
the General Department of Land Management of Vietnam, Ministry of Agriculture, Food
Processing Industry, Statistics for Rice Farms, and the National Investigation of Rural Regions.